
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



Digitized 



by Google 



Digitized 



by Google 



'..V. 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



Digitized 



by Google 



ELEMENTS 



CHEMISTRY; 



CONTAINING THE 



PRINCIPLES OF THE SCIENCE, 



EXPERIMENTAL AND THEORETICAL. 



INTENDED AS A TEXT-BOOK FOR ACADEMIES, HIGH SCHOOLS AND 
COLLEGES. 



BY ALONZO GRAY, A. M. 

Teacher of Chemistry and Nat. Hist, in the Teachera^ Sem. Andover, Mi. 



ILLUSTRATED WITH NUMEROUS ENGRAVINGS. 



ANDOVER: 

PUBLISHED BY GOULD, NEWMAN &, SAXTON, 

NEW YORK: 

CORNER OF FULTON AND NASSAU ST8. 

1840. 



Digitized 



by Google f 



<7 3^i-?7^ 



>UNiVF-K~iTYl 



Entered according to Act of Congress in the year 1840, bj 

ALONZO GRAT, 
in the Clerk's Office of the District Court of Massachusetts. 



Digitized 



by Google 



PREFACE. 



Digitized 



by Google 



IV PREFACE. 

tism and magneto-electricity, are classed as effects of one 
agent, electricity. In the arrangement of the simple sub- 
stances, each with its combinations with those previously 
described, is presented to the student, in such order, that but 
one substance with which he is unacquainted is to be studied 
at the same time. 

The salts occupy a separate chapter, in the arran^meut 
of which Turner's Chemistry is made, the basis, in the ' 
description of substances, brevity has been studied as much 
ajs was consistent, often employing the methods used in Nat- 
ural History. Many subjects of minor importance are only 
alluded to, and reference frequently made to larger works. 

Organic chemistry has become so far a distinct and exten- 
sive branch, that a short chapter only was thought proper to 
be inserted, referring the student to Thompson's Organic 
Bodies. 

The Table of Contents is intended for the purpose of re- 
viewing, instead of questions. The topics are so arranged 
that the teacher need only mention the subject, and the pupil 
will thus be able to give a complete analysis of it. 

The materials of the work have been compiled principally 
from Turner's Elements, the works of Henry, Silliman and 
Webster, and from Griffin's Chemical Recreations. 

The author would here acknowledge his obligations to Pro- 
fessor Charles B. Adams of Middlebury College, for^mportant 
aid in the preparation of this work, and especially in the de- 
partment of Organic Chemistry. 

A. G. 

Teacberg* Sem. Andover, 
Joly, 1840. 
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NOTE. 

T. refers to Turnor^s Chemistry. 

W. " Webster*s 3d ed. 

Far. ^ Fahrenheit^i thermometer. 



Eq. and Equiv. EauiTalent. 
Symb. symbol or formula. 
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14 INTRODUCTION. 

n. Chemistry employs, ia part, the method of general 
physics^ andy in part, the method of particular physics. By 
the latter we mean that its object is, in part, to describe parti- 
cular bodies or substances, by giving an account of the vari- 
ous properties of each one, before calling the attention to an- 
other. It invites our attention to the phenomena only of tm- 
perceptible distance. With some aid from calculation and ob- 
servation, it depends for discovery chiefly upon experiment, 
and has therefore been called experimental philosophy. Its 
object is a knowledge of the , constitution of substances and 
of the phenomena attending a change of constitution. 

III. Natural History employs the method o( particular 
physics^ observes the phenomena of perceptible distance^ and 
depends for discQvery chiefly upon ohservalion^YixXh some aid 
from experiment and calculation. Its object is a knowledge 
of natural objects. It embraces Zoology, or the study of ani- 
mals. Botany, or the study of plants, Mineralogy, which treats 
of minerals, and Geology, which describes and accounts for 
the condition of the crust of the earth. TJie physiology of 
plants and animals is sometimes referred to Botany and Zo- 
ology respectively, and sometimes regarded as a fourth dis- 
tinct branch of Natural Science. 

Plan of the work. 

I. The constitution and the changes of the constitution of 
substances are intimately connected with the agency of heat, 
light, electricity and galvanism, of which the two last men- 
tioned agents are now known to be identical. Whether these 
agents are themselves substances, or mere properties of mat- 
ter, is not certainly known. They have no appreciable weight, 
and are therefore called imponderable agents. They will form 
the subject of the first part. 

n. The second part will treat of chemical affinity. This is 
^e great agent to which all the phenomena of chemistry ars 
referred. It is distinguished from gravitation by exerting Ht 
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INTBODUCTION. 15 

force between the particles of bodies, and from cohesion by 
acting only between particles of different kind& or in different 
states of electricity. For example, a block of marble is made 
dp of very small particles, each one of which is similar to the 
whole ; but each of these particles is composed of two others^ 
carbonic acid and lime, different from each other, and from 
marble. When these particles of carbonic acid and lime are 
brought into close proximity to each other, they assume dif* 
ferent electrical states, and combine by thQ force of chemical 
qi^%, and form particles of marble* Cohesion then attach- 
es them to each other as fast as formed, and thus thet block 
is formed. Gravity acts upon it in the mass. The carbonic 
acid and the lime are called the component particles. When 
these combine, they form the integrant particles. Hence 
Chemistry is defined to be that science the object of which is, 
to examine the relations which o^ni/^ establishes between 
bodies, ascertain with precision the nature and constitution df 
the compounds it produces, and determine the laws by which 
its action is regulated. 

It is the object of Natural Philosophy to examine the sensi* 
Ue motions and mutual relations of bodies in masses, conse- 
quent upon gravity. 

Chemistry investigates the constitution apd qualities of bo- 
dies as they stand related to chemical affinity. 

III. The third part will comprise a description of substan- 
ces, which will be arranged in two general divisions. The first 
will embrace the elements and those compound substances 
which can be formed in the laboratory. These are chemical 
substances. The second division will embrace natural sub- 
stances, or animal, vegetable and mineral compounds, which 
have been formed by natural agencies. 

Chemists divide substances into simple and compound. A 

simple substance is one which has never been separated into 

two kinds of matter, or which has never been decomposed. 

' There are about fiAy-four simple substances. A compound 
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body is one which is composed of two or more simple bodies, 
of which there are many thousands. 

The composition of bodies is ascertained by two methods : 

1. By separating the body into its simple elements, which 
is called analysis; and 

2. By causing the elements to combine and form the body, 
which is^called synthesis. 

Chemical substances, under the head of Inorganic ChemiS' 
tn/y are arranged in three general divisions. 

I. Non-metallic elements, and their primary compounds 
with each other. 

II. Metals, and their primary compounds. 

III. Salts, or i^ct>ndary compounds. 

In the arrangement of the simple substances and their pri« 
mary compounds, the logical order is pursued, that is, after 
describing one substance, the rest are described with the conti- 
pounds which they fori^fi with those previously described. 

The Salts are divided into four orders. 

I. Oxy-salts, or those salts the acid or base of which is an 
owidized substance. 

II. Hydro*salts, which includes no salt, the acid or base of 
which does not contain hydrogen, 

III. Sulphur-salts, which includes none, of whicb the elec- 
tro-positive or electro-negative ingredient is not a sulphuret. 

IV. Haloid-salts, including none, the electro-positive or 
negative ingredient of which is not haJoidal^ i. e. analogous in 
composition to sea salt. 
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PART I. 

IMPONDERABLE AGENTS. 

Chapter I. — Caloric. 

The word heat has two meanings. It is the sensation which - 
we experience, when we touch a hot body ; or it is the cause 
of the sensation. In the first sense, it is an effect produced 
only upon animals. In the latter, it is the cause of a great 
variety of effects in the mineral, vegetable and animal king- 
doms. The word Caloric (Lat. calor) is used in the latter 
sense. Where there can be no ambiguity, the word heat is 
of\en retained in the same sense. Caloric exists in a free or 
sensible, and in a latent or insensible slate. 

Sensible Caloric, In this slate. Caloric is capable of pro- 
ducing the sensation of heat, and of expanding bodies. It has 
sometimes been called the caloric of temperature. Temper. 
rature expresses the power of exciting the sensation, and is^ 
proportioned lo the quantity of free caloric. A high tempe- 
rature is owing lo a great quantity, and a low temperature to 
a small quantity. 

Insensible Caloric, In this condition caloric produces no 
sensation, but exists, often in great quelntily, in substances, 
without affecting their temperature, and appears lo be com- 
^ed with theoi'^ 

8» ' 



Digitized 



by Google 



18 Conduction of Calorie. 

Sbct. 1. Sensible Caloric. 

Communication of Sensible Caloric. 

The most important property of free caloric is its tfipdency 
to an equilibrium, that is, a tendency to escape from hotter to 
colder bodies, so as to produce in all the same degree of tern* 
pfiiBture. This communication takes place in two ways, by 
conduction, and by radiation. 

Conduction. By this is meant the passage of caloric through 

a body, from particle to particle. The property in Ihe body, 
on which this transmission depends, is called the conducting 
power. If one end of an iron rod be held in the fire, the sen- 
sation of heat will soon be experienced at the other extremity^ 
in consequence of the conduction of caloric from particle to 
particle along the rod. If the rod be of glass, it will be much 
longer before any heat is fell. Hence different substances 
conduct caloric with different degrees of facility. 

If two bodies are in contact, caloric may be conducted from 
on^ to the other. The more perfect the contact, other things 
being equal, the more rapid the conduction. The contact of 
two solids with each other, or of a solid with a gas, is not so 
perfect as that of a solid with a liquid, and hence the com- 
munication is more rapid in the latter case. When liquids 
are mixed with liquids, or gases with gases, the contact is 
still more perfect, and the caloric is more rapidly diffused 
through the whole. 

From the two facts, which have been mentioned, it follows 
that the rapidity of conduction from a heated to a cold body 
depends upon the conducting potoer of each substance^ and the 
closeness of contact. 

Experiment. Plunge a heated iron into cold water, and again 
equally heated into mercury. In the latter case it will cool 
more rapidly. For while the heat is conducted with equal 
facility in both cases from the interior to the surface, it is tak- 
en from the surface more rapidly by the mercury than by the 
water. 
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Conducting Power of Solids, . 19 

Exp, PluDge into mercury two equal balls, one of iron 
and the other of marble, heated to the same temperature. 
The iron ball will eool most rapidly, because the caloric ia 
more freely conducted from its centre to its^ surface. 

Exp. Plunge the iron ball into mercury, and the marble 
into water. The iron will cool more rapidly, for two reasons ; 
the heat will come to its surface more freely, and be taken off 
by the mercury more rapidly, iron and mercury being each 
better conductors than marble, or water. 

.Of the different forms of matter, solids are better conduc* 
tors of caloric than liquids, and liquids than gases. 

^Conducting potoer of solids. This power varies greatly in 
different solids. 

Exp. Prepare some small Cylinders of the same dimen- 
sions, but of different materials, and apply to one end of each 
the same degree of heat. Place upon the other ends bits of 
phosphorus. The caloric will be conducted along from one 
extremity of each to the other, and the substance, which con- 
ducts most rapidly, will first ignite the phosphorus. Accord- 
ing to the experiments of M. Despretz, if the conducting pow* 
er of 

Gold be represented by 1000 

Silver will be 973 

Copper 898.2 

Platinum 331 

Iron 374.3 

Zinc 868 

•Metals generally are the best conductors of caloric, while 
furs and porous substances are the poorest conductors. 

„The conducting power of stones is next to that of the met- 
als, and crystalline stones are better conductors than the un- 
erystallized. 

- - The earths generally are bad conductora Bricks, glass, 
dry wood, charcoal, conduct less, and feathers, silk, hair, and 
down, least of all. Among the latter, the finer the fibre the 
less its conducting power. Hence the utility of fine wool and 

^rs in the winter, to prevent the escape of caloric from the 
body, while, in the summer, we select those substances for 



Tin 


303.9 


Lead 


179.6 


Marble 


23.6 


Porcelain 


12.2 


Fine clay 


11.4 
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20 Calorie — Conducting Power of Liquids, 

our clothing which have a coarser fibre. In this we see the 
benevolence of God in furnishing those animals, which inhabit 
the colder regions of the earth, with finer clothing than those 
which inhabit warm climates. The fur of animals is also finer 
in winter than in summer. 
^ — Snow and ice are poor conductors^ and hence by a wise 
constitution the earth in winter is rarely frozen to any consid- 
erable depth. The ice and snow keep it warm by prevent- 
ing its vital heat from escaping. 

^.The conducting powers of solids are generally in the ratio 

of their densities ; especially of the same substance. Increase 

of density will increase the conducting power, and vice versa. 

Conducting power of liquids. In liquids the conducting 

j^wer is much less than in solids. So feeble is it, that some, 
among whom is Count Rumford, have denied its existence. 
But notwithstanding the slight conducting power of liquids, 

«^eat can be diffused through them much more rapidly than 
through solids. This is effected by a motion among the par- 
ticles, which brings them successively into contact \^ilh the 
heated surface. If, for example, heat Fig. 1. 

is applied to the bottom of a vessel of 
water, tho.se particlos of water, which 
are in contact with the bottom, ard 
soon heated, and consequently expan- 
ded and made lighter, so that they are 
forced to rise in order to give place to 
the heavier cold particles, which fall 
to the bottom. The latter in turn are 
heated and give place to others, and thus the process contin- 
ues until two currents are established, one of heated particles 
rising to the surface, and the other of colder particles falling 
to the bottom, (fig. 1.) In this way all the water is soon heated 
by direct contact with the bottom. But if heat be applied to 
the top of the vessel, the water at the l>ottom will remain 
cold, while that at the top is boiling. 
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Exp, Suspend in a tin cup a hot cannon ball on 
the top of a jar of water, (fig. 2,) /at the bottom of 
which 13 a piece of ice. The water will boil ra- 
pidly at the top, while the ice remains unmelted. 



Fig. 2. 



21 




Fig. 3. 




Exp, Or, burn ether (fig. 3.) on the 
top of a glass funnel filled with water, 
into which an air thermometer is ce- 
mented. The thermometer will not be 
sensibly affected. 



It has, however, been shown that liquids do conduct heat, 
mdependently of any intestine motion. But the power is very 
slight. 

. ^ Conducting power of gases. Gases and vapors conduct^. 

heat very slightly, if at all. Their particles move with so 
much facility when heated, that it is difficult to arrive at any 
satisfactory results on this subject Heat may be diffused-^ 
through them in the same manner as in liquids, but even more 
rapidly. 

^ Radiation. If a heated body be suspended in the air, its 
caloric will be diffused bothsby the currents of air, which cir- 
culate to and from its surface, and, in a slight degree, by the 
conducting power of the air. But if the hand be placed be- 
neath the heated body, a sensation of heat will be perceived, 
which is not due to either of these causes, but to the direct 
passage of the rays through the air. For if a healed body be 
suspended in a vacuum, entirely removed from conducting 
substances, it will rapidly cool down to the same temperature 
with surrounding bodies. Caloric, which is thus thrown off 
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22 Radiation of Caloric* 

from heated bodies in all directions, like rays of light from the 
sun, is called radiant caloric 

If a thermometer be placed at the distance of two inches 
froip a heated body, it will be affected but one fourth as much 
as at the distance of one inch ; if it be placed at the distance 
of three inches, one ninth as much ; if at four inches, one six- 
teenth as much ; at five inches, one twenty -fif\h, etc. Hence, 
in consequence of a radiation in all directions, the intensity of 

^Jhe heal is in the inverse ratio of the square of the distance. 
The intensity of light and the force of gravitation follow the 
same law. 

The degree of radiation, and consequently the intensity of 
radiant heat, are greatly modified by the kind of surface. 
Bright polished surfaces do not radiate so rapidly as those 

^hjch are dark and rough. 

Exp, Take a square tin cup, one side of which is bright, 
another rough, a third painted black, and the fourth painted 
white. FHl it with hot water, and bring aa air thermometer 
near each side. The rough and black surfaces will radiate 
more rapidly than those which are white and polished.* 
..^s^he greater radiating power of rough surfaces is supposed 
to b^ due to the great number of racjiating points; or perhaps 
it may be owing to the greater amount of surface exposed 
within a given space. 

^.JChe rapidity of radiation also depend^ upon the difference 
between the temperaiuie of the radiating body and that of the 
surrounding bodies. Hence, with a given temperature of the 
latter, the higher the temperature of the radiating body, the 
more rapid the radiation. 

* The late experiments of Melloni do not seem to confirm this 
view. By using a cup of marble, whose external surfaces were dif- 
ferently prepared, the first polished, the second smooth but tarnish- 
ed, the third streaked in one direction, and the fourth in two, cross- 
ing each other at right angles, and filling the vessel with hot water, 
each of the sides projected the same quantity of radiant caloric.—' 
Edin. Philas. Jour, XXVI. 299. 
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Refkciion of Calorie* 23 

Radiant caloric passes in right lines through a vacuum, 
through air and gases without any apparent ohstrtiction ; but 
when it falls upon solid or liquid substances, it is disposed of. 
in three ways: 1. It rebounds from the surface or is reflect' 
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24 Absorption of Caloric. 

surface of h^ when the rays will he reflected to the focus in 
which the bulb of the thermometer is placed, and fviil cause 
the liquid to descend, showing an increase of temperature. 
If phosphorus be placed in the focus, it will be ignited. If 
snow be substituted for the heated ball, the thermometer will 
show, by the rise of the liquid, a diminution of temperature. 
As bright polished surfaces reflect most of the caloriflc rays 
which fall upon them, we can see the reason why they are 
not easily heated 

' Absorption of caloric. When radiant caloric falls upon 
rough, opaque substances, it is mostly absorbed ; that is, it 
passes directly irHo the substance and renders it hot ; some of 
the rays. are also reflected. The power of absorption, as well 
as of radiation and reflection, depends mostly upon the surface. 
Those surfaces which reflect most, radiate and absorb least, 
and those which radiate and absorb most, reflect least. The 
power of absorption and of radiation are equal, and as each 
increases, the power of reflection diminrshes. The color of 
the surface also aflfecta the power of absorption. Dr. Stark 
has shown that black surfaces, other things being equal, ab- 
^ sorb the most ; dark green next to black ; scarlet next ; and 
white the least of all colors. This fact may be shown by plac- 
ing strips of cloth' of different colors upon snow, exposed to 
the sun's rays ; the black will be found to sink into the snow 
to the greatest, and the white to the least depth, because the 
black absorbs the rays which melt the snow, and the white 
reflects them ; hence the advantage of painting rooms white, 
or of whitewashing them — the rays of caloric are thus kept 
, passing from side to side, without being absorbed and con- 
ducted away. , 

Transmission of caloric^ When radiant caloric falls upon 
the surface of transparent, solid, or liquid bodies, it passes 
through them in a slight degree. It paases easily through air 
and other gaseous substances, without sensibly aflTecting them ; 
but glass and crystalline substances intercept most of the rayis. 
Prof. Leslie contends that glass does not permit the rays to 
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Theories cf Radiation* 2& 

pas» dinectlj through it, hut absojrbe thean at onesucface^ and 
transmits them to the. other hy cdnduotioDv fVom which they 
are again radiated* This opinloa is supported hy Dn Brew* 
ster hy au argument drawn torn his optical researches. But 
the experiments of De la Roche lead to a different conclusion, . 
that the caloriiio rays do pass through glass, although slowly. 
This opinion is supported by other chemists. 

The radiant caloric which is associated with solar light pass- 
es readily through glass and other transparent hodies. The 
caloric, in this case^ seems to be, modified by its connection 
with light, and may be collected into a focus with the light, aai 
in the case of a burning glass. Caloric, thus associated, suf*- - 
fers refraction in passing from one medium to another, and 
in general is subject to the same laws with light. . 

Theories of radiation. Of the various theories to account < 
for radiation, only two seem, worthy of notice. The theory 
—of Piclet supposes that a hot body will radiate caloric to sur- 
rounding, colder bodies, until the equilibrium is restored, and 
then c^se. The theory of Prevost supposes that all bodito, - 
whatever be, their temperature, are constantly giving out, 'and 
receiving radiant caloric. . When a body is giviag out more 
raya than it is receiving, it is coolings When it gives and re- 
ceives an equal nnmber, its temperature remains stationary, 
and is in equilibrium with surrounding bodies. When it re^* 
cfiiyes more, rays than it giye^ off, its tem.peratui!e i$ increas- 
ing^ On this theory, all hcKlies^ the pplar ice, as well os tho 
burnigig «ands of the tropics, are co«^tfintly radiating and ath 
so^ng caloric. . 

Although inost of the phenomena* of , radiation <nay beie**: 
piapad on both theories, preference is g^i^^rally giff^a U^ibsif, 
c>f. P^evxiJt.: Thj9f ^oimd pf this prepwrenfte .Jbi founclin th©, 
<doae analogy b^x^^en th^ taws of light ^ndh^ifiA% miii m 
well [known that luounous bodi^a cpntinually e^^obai^ rays« 
A feeble light sends rays to one of greater intensity, and the 
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quantity of rays emitted by each does not seem to be affected 
by the vicinity of other luminous bodies. In like nianner all 
bodies are supposed continually to exchange rays of caloric. 
Application of the theory of Prevost to the explanation of 
various Phenomena, 

1. In the experiments with the mirrors, if the ball in the fo- 
cus of one mirror is of the same temperature with the ther- 
mometer in that of the other, and with surrounding objects, 
the thermometer will remain stationary, because it receives 
from the ball the same quantity of rays, which it sends to it ; 
but if the temperature of the ball be raised above that of the 
surrounding objects, the thermometer will receive more rays 
than it imparts, and will consequently show an increase of 
temperature. If ice be substituted for the ball, the thermom- 
eter will show a diminution of temperature, because it gives 
out more rays than it receives. 

When ice is placed iii the focus of a mirror, there is an ap* 
parent radiation of cold. But on this theory, it b easily ex- 
plained ; and is what might be expected previous to experi- 
ment.* Cold is a negative term, merely expressing the ab- 
sence, in a greater or less degree, of caloric. 

2. The formation of dew depends upon radiation^ and is 
satisfactorily accounted for on this theory. The earth, during 
the day, becomes heated by absorbing the sun's rays, and the 
moisture is driven off into the air. During the nigbt it ra- 
diates more caloric than it receives, and becomes colder 
than the surrounding atmosphere. Successive strata of air 
charged with moisture, come in contact with the earth, and 
the moisture is condensed in the form of dew. The quantity 
of dew will thei^fore depend upon the radiating power of the 
iftitfaCe,' and the quantity of moisture in the air ; the more 
rapid the radisrtion, the more dew will be formed. There is 
moi^ d^w upon grass and leaves, than upon stones ; and the 

* See Turaer, &th edition, p, 13, note. 
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themioraeteMrin sivk 15^ or 20^ lower, when ptaced cipon 
grass, than when suspended in the air, or laid on polished 
surfaces. In India, ice b formed by exposing water in pans 
in a clear night, when the temperature of the air. is never 
down to the freezing point But why is there no dew in a 
cloudy night ? Because the clouds reflect back the radiant 
caloric to the earth, which 4herefore cannot become cooler 
than the air. In a clear night, there is no such interchange 
of rays, and the caloric passes off into the regions of space. 

Cooling of bodies. The cooling of a hot body is eflected 
in two ways, already noticed. When surrounded by solid 
bodies in contact with it, the heat is carried off by conduction, 
and the velocity of cooling will depend upon the conducting 
power. When the heated body is immersed in liquids, thfe 
same is true to some extent, although much depends upon the 
mobility of the particles. But when surrounded by gases, 
the cooling takes place by means of conductk>n and radiation, 
and in a vacuum, by radiation alone. 

Velocity of cooling means the number of degrees lost in a 
given time. Law €f cooling refers to the relation which the 
velocities of equal successive periods bear to one another. 
The higher the temperature, other things being equal, the 
greater the vek)city. If a body heated to 1000 <> lose 100* 
during the first second, Newton inferred that it would lose-iV 
of the remainder, or 90<^, during the next second, 81*^ the 
next, 72.9'' the next, and 65.6 <" the next. These numbers 
form a geometrical series, whose ratio is 1.111 and though 
the law is not universal^ it holds true, when the temperature is 
but a little elevated above the air. 

Practical application of the laws ofconduHed^ and radiant 
Caloric, The material for windows should be a bad conduc- 
tor of heat, as well as transparent ; hence glass is best adapt- 
ed to the purpose. Glass also admits solar heat, while it pre- 
vents the escape of artificial heat. Double walls, doors, and 
windows add to the warmth of buildings, because- they eon- 
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fiae behveen them a stratum of air, n^htch, when not in mo- 
.tion, is a good hoa-cooductor. Snow, furs, woollens, etc. are 
better non-conductors, because they inclose air. Stoves which 
are vough radiate more heat than those which are polished. 
As the temperature of the human body usually exceeds that 
of the atmosphere, the object of clothing in cold weather is to 
retain the natural warmth, and hence, it is made of good non- 
conductors. In hot weather, clothing should conduct off the 
heat .more freely. Also, under a hot sun, a black dress is 
more uncomfortable than one of light color. Many articles 
employed in the conunon uses of life are selected with refe- 
rence to theic conducting and radiating properties, as mate- 
rials ifxf fujmaces, culinary apparatus, etc. 

Effects of Free Caloric, 

The phenomena which may be ascribed to caloric as an 
agent, and which may therefore be classified, as its efl^ts are 
numerous ; some of these eflSscts will now be enumerated. 

The most remarkable property of caloric, as we have seen 
is the repulsion, which exists among its particles, by which it 
tends to an equilibrium, or to bring all substances to the same 
degree of temperature. This property enables it to pene- 
trate all bodies, and, by its accumulation, to separate the inte- 
grant molecules from each other. It thus acts in opposition to 
cohesive attraction ; hence, it may be stated as a general law, 
that caloric expands all bodies; liquids more than solids, 
and gases more than either. 

1. Caloric expands solids. This may be shown by fitting 
an iron cylinder to an aperture, so that it will just slide 
through ; heat it, and it will be too large to pass through. 

2. Equal degrees of caloric expand some solids more than 
oikers. This may be shown by an instrument called a py- 
rometer, or fire measurer. Fig. 6 represents this instrument. 
It is furnished with several rods, as iron, brass, copper, lead, 
andglaas. 
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EBi posts 9tandiQg in A, fmd secured from 8pi:eiading apart 
by the two bars QC. G, a thumbscrew, oassing through the 
post B, and entering one end of the rod D, holds it against a 
lever at the other end ; as the rod is heated, it expands and 
pre^es against the leVer, which raises E, at tbe etid of which 
is m cord paasiog dp, ovter. tbe bubi of the index^ and down a^n 
tjO th0 bak^DQe rod ^\ ^ j^ raised by the expansion of the xod 
D, F fails, drawing the. cord, and giving nnption to the hand. 



The following substances when heated from 32** lo 212^ 
Far. are elongated as follows : 

TsV^ of Its length, 

I u . . 

dr " ' 

TTbT . . 

additions of Caf&ric^ at different 

d the same solid equalTyr. 

a brass, or iron tod will be much 

greater between 500 •aod 600^, thhn Wween 10O« and 260''^ 

6T than between 900 ^^atid'JPOO**; ^Thfe higher the terYipera'i 

ture, the greater the expansion, with t^\it\ additiorts bf cnlbritt'. 

TWb Insult* froro^ the ffed that ffce^ ^oW^r (yf^'ittfl^sidu isi cotii 

3* 
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Es^Hmsion of Liquids, 



stantly diminished, the farther the integrant particles are re« 
moved from each other hy heat. 

4. The expansion of some solids is more uniform ihoH 
others^ with equal additions of caloric. The expansions of 
the more infusible solids is uniform within certain limits. 
From 32** to 122®, their expansion is equal to that between 
122® and 212®. But above 212®, the higher the temperature, 
the greater the expansion, for equal additions of caloric. 
II. Caloric expands liquids more than solids, 
1. This fact may be illustrated by heating a column of wa- 
ter in a glass tubey and an iron rod of the same dimensions by 
a spirit lamp ; the water will rise in the tube while the iron 
will scarcely be affected. The reason is, that the cohesive 
attraction in liquids is nearly destroyed. 

Fig, 7. 



Exp, Plunge a common thermometer into a jar 
of hot water, (fig. 7.) The bulb of the thermom- 
eter will be expanded, and its capacity increased, 
but the mercury will be more expanded and will 
rise in the tube. 



Fig^ 8. 

2. Equal increments of caloric ex* 
pand some liquids more than others. 
This may be illustrated by partially 
filling several glass tubes furnished 
with bulbs, and placing them in hot 
water ; as the liquids expand they will 
rise to different heights in the tubes ; ^ 
as shown in fig. 8. 

3. Equal additions of caloric^ at ^different temperatures^ da 
not expand the same liquids equaliy. The same law holds 
here as in the case of solids, the higher the temperature, the 
greater the expansioa for equal amounts of heat; and tbypee 
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liquids also which expand the least are more uniform within 
certain limits. Apparent exceptions to the general law are 
^und in the oase of some liquids, nedr the point of congela* 
tion. Water expands hy a diminution of temperature, and 
contracts hy an addition of caloric, between the freezing point, 
and 40« Far. 
III. Calorie expands gases more than solidsy or liquids. 

Fig. 9. 

1. The expansion of air may be shown by 
simply in verting a tube terminated by a bulb, 
and partly filled with water, (fig. 9,) in a 
vessel of the same liquid ; on heating the 
bulb, the air will expand, and expel the liquid 
from the tube : or by holding a bladder filled 
with air near the fire, the air will soon ex- 
pand, and fill the bladder, and even burst it.* 

2. All gases^ at any iemperaiwrey are expanded equally hy 
equal additions of caloric. In this respect, gases diflTer from 
solids, and liquids. If, therefore, we can ascertain the expan- 
sion of one gas for a given number of degrees, we may know 
that of all others. The law of the expansion of air has been 
determined by Gay Lussac, who found that a given quantity 
of dry air, dilates to ^j^^ of the volume it occupied at 32®, 
for the addition of each degree of Far. 

Theory of expansion. This has been already noticed. In 
the case of solids, the integrant particles are held together by 
cohesive attraction, but the caloric being self-repellent, has 
the effect to overcome this force, and to separate the particles 

* So great is the tendency of air, and other gases to expand, that if 
a given portion be confined in a bladder, and put under the exhausted 
receiver of an air pump, the same effe*^ will be produced as when 
beat is applied ; the particles of gates 8<»€m to be wholly free from 
the influence ofodhenre attract loH, and e.'cpand by their own calorie 
when tile pressure itff emoted. 
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from each other.* In cDoe of liquids, cohemre attFaetkm ift 
moch more feeble ; it will therefore require less power to 
separate the particles, and. hence, they are more expansible 
than solids. Gases are still less under the influence of cohe- 
sion, and hence, are more expansible. In fact, the form 
which matter assumes, seems to depend upon the lekoiro 
force of caloric ahd cobeston* la solids, cobesba preponde- 
rates ; in gases, caloric ; but in perfect liquids these forces are 
in equilibrium, (the caloric being in a combined, and not a 
sensible state.) 

Apparent exceptions Allusion was made to water, and 
some other substances, as apparent exceptions to the general 
law that heat expands, and cold contracts all bodies. Water 
continues to contract, until it arrives at 39", and then begins 
to expand until congelation takes place. 

Exp. Take a glass tube, mih a bulb at one end, fill it with 
warm water, and place it in a mixture of salt and snow. The 
water in the tube will sink until it arrives at 39** and then be- 
gin to rise ; the bulk will be increased ^ ; i. e., if the speci- 
fic gravity of water be 10, ice will be 9. The maximum den- 
sity of water is at 39 ", Far. 

The force of expansion^ when water freezes^ is very great 
The Florentine Academicians burst a hollow brass globe, 
whose cavity was only one inch in diameter, by freezing the 
water contained in it. , This mus\ have required a force equal 
to 27,720 pounds. Major Williams, in 1784 — 5, performed 
similar experiments at Quebec, by bursting bombs, which also 
illustrated the amazing force of water in the act of conge- 
latiotk 

In consequence of this expansive force, glass, and earthen 
vessels are broken, by suffering water to freeze within them ; 

* On the supposition that c^kiric id mAter't4|, the efiSrct is easily «c<* 
counted for.; but though its partieles repel each other, they masi 
have a strpn^ attraction for master, or they oould not be introduced 
into it Caloric, l[if*refore. is the antagonist fofoe to cohesive attraD* 
lion, but pvi>x'eHfs n powerful attraction Ibf mailer ipeeoliaF to itseli 
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vrnttv pipes are burst ; paTements are thrown upland destrby- 
ed, and walls, especially ia moist grounds, thrown down. The 
cause of this expansion is supposed to be due to crystalliza- 
tion. The particles, at 39 ^, seem to be endowed with a kind 
of polarity, and attract the edges of each other ; and, at 33^, 
they are arranged in ranks and files, which cross at angles of 
00% and 120°, as may be seen when water is freezing in a sau- 
cer. This new arrangement of the particles is supposed to 
increase the bulk, but whether this hypothesis be correct or 
not, it seems best to explain the effect* 

Advcmtage of this exception. The wisdom and benevolence 
of God are strikingly exhibited in this arrangement. Other- 
wise, all our rivers, and lakes, and the ocean itself, in cold 
climates, would become solid masses of ice ! 

When a body of water is freezing, there are two currents 
established, as in the case of boiling water. The surface gives 
off its caloric to the air, and the particles become heavy and 
sink down. This forces the warm particles below to rise« 
But at 39 '^ these currents are arrested, because the colder 
particles begin to expand and remain at the top. As soon as 
they are frozen, a covering of ice prevents in a great mea- 
sare the escape of caloric from beneath, and the process of 
freezing is greatly retarded. But if the contraction extended 
to the freezing point, the colder particles would continue to faU 
to the bottom, until the whole should be brought to that point, 
and then suddenly freeze ; or if they should freeze upon the 
surface, the ice would continue to sink down until the whole 
should become a solid mass. 

* This hypothesis relieves us from the neoesstty of supposing a 
real exception to the laws of nature. The effect is due to the opera- 
tion of another law, (crystallization) to which the law of expansion 
gives place. For, afler the crystallization is completed, the usual law 
prevails, and ice contracts, with the farther redaction of temperature, 
fissures are thus produced in extreme cold weather, by the contrao- 
iion of ice on pondf . 
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Hence, in cold climates, the rivers, and lakes would be con- 
verted into solid ice, and all their inhabitants be destroyed I 
But, by this simple and beautiful arrangement, the ice is re« 
tained upon the surface*, and confines sufficient stores of ca- 
loric to preserve the inhabitants of tlie waters, and render the 
coldest climates habitable by man. 

Water is not the only liquid which expands under the re* 
duction of temperature ; as the same effect has been obser- 
ved in a few others, which assume a highly crystalline struc- 
ture, on becoming solid. Hence, the exactness with which 
east iron fills the mould ; and the use of antimony^ in casting 
types. Mercury is a remarkable instance of the reverse, for 
when it freezes, it suffers a very great contraction. 

Practical uses of the general law of expansion and contract 
tion. All kinds of machinery are, of course affected by this 
law. It must be strictly regarded in the construction of deli- 
cate time-pieces. Great use is made of it in the banding of 
wheels ; the iron is heated, and fitted to the dimensions, and 
then suddenly cooled, so that by its contraction, it presses 
with great force, and becomes immovably fixed. In rivet- 
ing together iron plates for steam engine boilers, it is neces- 
sary to produce as close a joint as possible. This is efifect* 
ed by using the rivets red hot ; the contraction, which the riv- 
et undergoes in cooling, draws the plates together, with a 
force, which is only limited by the tenacity of the metal of 
which the rivet itself is made. 

M. Molard, a few years since, at Paris, availed himself of 
this principle, to restore to their perpendicular direction, two 
opposite walls of a gallery, which had been pressed outward 
by incumbent weight. Through holes in the walls, several 
strong iron bars were introduced, so as to cross the apart- 
ment, with the ends projecting; upon which strong iron 
plates were screwed. The bars were then heated, and 
while hot, the plates were screwed up. On cooling, the bars 
contracted, and drew the walls together ; by repeating this 
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process several times, they were restored to their origiod po- 
sition. BallooQs were first sent up filled with air, which had 
been expanded by heat. 

The phenomena of winds depends upon the expansion of 
the air, by the heat of the sun. In this way the trade winds 
are produced. Liand and sea breezes depend upop radiation, 
and expansion. During the day, the earth is more heated 
than the water, and the air is more expanded and rises up. 
This will produce currents of cold air from the water to the 
land, called sea breezes ; during the night, the earth radiates 
caloric more rapidly than the water, the air becomes cooler, 
and currents pass from the land to the water, which are called 
land-breezes. Winds are also produced in those deserts 
which become greatly heated during the day. 

Thermometers. But one of the most ingenious and useful 
applications of this law is to be found in the thermometer. 
Its invention is generally ascribed to Sanctorius, who flourish- 
ed in the seventeenth century. Some ascribe it to Cornelius 
Drebel, and others to Galileo. X^ 

Air Thermometers. The substance employed by Sancto- 
rius was atmospheric air, by the expansion and contraction of 
which he was^ enabled to measure variations of tempelratare. 
His plan was very simple. The instrument con- Fig* 10. 
sists of a glass tube, (fig. 10.) bpen at one end, with /-\ 
a ball blown at the other ; enough of some color- ^ 

cd liquid is poured in to fill half the tube, which is 
then inverted in a vessel of the same liquid. The 
air in the bulb, by its expansion, causes the wa- 
ter in the tube to -sink, and by its contraction, the 
pressure of the atmosphere causes it to rise. By 
adapting a scale to the tube, the instrument was 
fitted for use. 

On one account air is the best substance for a thermome- 
ter, because its expansions and contractions are equal', with 
equal additions of caloric. But there are two objections to 
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the, UBe of this instrument; it can he depended upon only 
when the baronoetei' stands at a fixed point ; variaEtions of 
atmospheric pressure materially afiect the rise or fall of the 
liquid* The expansion of gases also, with slight degrees of 
oaloric, is so great, that the length of the tube for measuring 
high or low temperatures would render the instrument incon^ 
veniexit in practice. 

Differenlial Thermometer, Sir J. Leslie, in 1804, con- 
struoted a thermometer, in which air is used, which is not sS* 
fected by atmospheric pressure. It consists of two glass balls^ 
(fig. 11,) joined together by a glass tube, bent Fig. IL 
twice at right angles. The balls contain air, but 
the tube is nearly filled with sulphuric acid, col- 
ored with carmine. To one leg of this tube is 
applied a scale. It is evident that no effect will 
be produced upon the liquid, if both balls are 
heated alike, because the air in both will suffer 
equal expansion ; but the slightest difference be- 
tween the temperature of the two balls, will in^ 
stantly be indicated by the rise or fiiU of the 
liquid in the tube. Hence its only use is to detect slight vari- 
ations of temperature between two substances, or of two con*, 
tiguous spots in the same atmosphere, in very delicate exper-' 
iments, where caloric is reflected, or refmcted to a focus. It 
is hence called the Differential Thermometer. 

A much more delicate instrument of this kind has beea 
constructed by Dr. Howard of Baltimore, in which the vapor 
of ether, or alcohol, in vacuo^ is used instead of air. 

But if air expands too much^ and is affected by pressure, so 
as to be unfitted for the common purposes of measuring the 
degrees of temperature, solid substances, on the other hand,, 
expand too little. 

The substance most convenient is a liquid, and the object 
is, to find some liquid whose dilations are nearly equal with 
equal additions of caloriC|. and, whose boiling and freezing 
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points kre removed at the greatest distance from each other.. 
Alcohol and ether would answer this purpose very well 1114 
one respect ; they resist congelation to a very low tempera* 
ture, but boil much sooner than water. Mercury seems to 
be the only substance which will answer the necessary condi- 
tions. 

Mercurial Thermometer, This instrument is constructed 
in the following manner. A tube is selected with a small 
bore, of uniform diameter, — a small hall is blown at one end. 
The air is then mostly expelled from the bulb, by holding it 
in a spirit lamp, and the end of the lube quickly inverted in 
a cup of clear, dry mercury. A/b the bulb cools, the atmos- 
phere forces the mercury into the bulb, which fills it two thirds 
full, — the bulb is again heated, and the mercury rises up, necur- 
ly filling the tube, and expelling the air. It is again invert- 
ed over mercury, when the bi^lo and one third of the tube 
are filled ; it is then heated until it boils, and fills the tube to 
the top. A fine flame is then darted from a blow-pipe upon 
the open extremity of the lube, so as to fuse the, glass, and 
close the aperture before the mercury recedes. It is then 
said to be hermelicallp sealed^ and the space abandoned at 
the upper extremity of the tube, as it cools, is a vacuum. 

Crraduation, This is effected by ascertaining two fixed 
points, and as water always freezes at the same temperature, 
and also boils at the same temperature when the barometer 
stands at the same height ; we have only to immerse the 
bulb and a part of the stem in melting snow, or water contain- 
ing ice, and mark the point to which the mercury sinks. 
This is the freezing point. To fix the boiling point dis- 
tilled water should be used, and the barometer should 
stand at 30 inches. A small quantity of the water, not more 
than one inch in depth, and contained in a deep metal- 
lic vessel is made to boil briskly, and the point to which 
the mercury rises, is marked; this is the boiling point. 
These two points being fixed, the interval is variously di- 
vided into equal parts. Newton first suggested a scale, 
in which the zero was placed at the freezing pointy and 
the interval divided into 40 parts, or degrees. In FarenheU^s 

4 
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Caloric. — Register Thermometer. 



thermometer^ which is generally used in this country and 
fa England, the zero is placed at 32® helow the freezing 
point, and the interval between the freezing and the boil* 
ing points is divided into 180 parts, so that the boiling 
point of water is 212®. Farenheit fixed his zero by immers- 
ing the thermometer in a mixture of snow and salt Beau- 
inures scale places the freezing point at zero, and the boiling 
at 80°. Delile placed the boiKng point at zero, and the freez- 
ing at 150*^ ; this is used in Russia. But the most convenient 
scale is that of Celsius, in which the freezing point is at zero, 
and the boiling at 100^, called the Centigrade thermometer ; 
this is used in France. The scale is either marked on the 
tube by a diamond, or on ivory or paper, and at- Fig. 12. 
tached to the tube. The degrees above the boiling 
and below the freezing points occupy equal spaces 
with those between these points. The temperature 
expressed by one scale can be reduced to that of 
another, by knowing the relation which exists be- 
tween their degrees. The lower part of the scale 
in laboratory thermometers, (fig. 12.) turns up by a 
hinge, so that the bulb can be immersed in corrosive 
liquids. 



Fig. 13. 



H Hi i ii|iii.iii.i^i,iy. i g.i^.|,^,iii.iii,i,[^ ^ 



Register Thermometer, This- 
instrument consists of two ther- 
mometer tubes, (fig. 13.) bent 
at right angles, and retaining a 
horizontal position. One tube 
contains alcohol, and the oth- 
er, mercury. A small piece of black enamel is placed in the 
tubes on the surface of each liquid. As the alcohol contracts 
by exposure to cold, the enamel follows it towards the bulb, 
but when it expands, the enamel remains stationary, and suf- 
fers the liquid to pass by it. When the mercury contracts, 
the enamel does not follow it ; but when the mercury expands, 
it is forced along. Consequently, it remains at the highest 
temperature. The enamel, in the tube of alcohol, will in- 
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dicate the lowest, and that in the tube of mercury the highest 
temperature, during any given time. 

For measuring temperatures below 39® Par. the freezing 
point of mercury, alcohol, or ether must be employed ; for 
temperatures above 662°, no liquid can be employed, as they 
are all either decomposed, or dissipated in vapors. For very 
high temperatures, therefore, some of the more infusible so- 
lids are used. The instruments for this purpose are called 
Pyrometers, This term is derived from two Greek words, 
signifying, measurer of fire. 

Pyrometer of Wedgwood, This is founded on the proper- 
ly which clay possesses, of contracting when strongly healed, 
without expanding When cooled ; but the indications of this in- 
strument canQot be relied on, and it is seldom used. 

Pyrometer of DanielL This instrument, the best now in 
use, consists of a bar of platinum enclosed in a case 7^ 
inches in depth, made of black lead ; one end of the bar is fix- 
ed, the other is made to move an)index, as it is heated. This, 
however, is not perfectly accurate, owing to the greater ex- 
pansion of the platinum, in high temperatures, with equal de- 
grees of heat Generally, these instruments depend upon the 
elongation of a metallic bar by heat, and one of the best for 
illustration is described on page 29. 

On the same principle, is the metaUic thermometer of Bre- 
quet, for temperatures between the freezing and boiling 
points of water. It consists of a slip of silver and one of 
platinum, united face to face with solder, and coiled into a 
spiral, one end of which is fixed, while the other is connected 
with an index which moves over a circular, graduated plate. 
This index is found to move over equal spaces with equal ad- 
ditions of caloric, and so sensible is it to slight variations, 
that when enclosed in a large receiver, which was rapidly ex- 
hausted by an air pump, it indicated a reduction of tempera- 
ture from 66® to 25® = 41®, while a sensible mercurial Iher- 
roometei^ fell only 36® 

It will be readily seen, that thermometers do not give us 
the absolute^ but onl)» the relative quantity of caloric contained 
in bodies. The true zero, or that point where absolutely no 
caloric exists, is unknown. Some have conjectured that it is 
1200® or 1400® below the freezing point of water. But it is 
mere conjecture, nor is it known, on the other hand, how 
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high a temperature might result from an accumulation of heat 
Neither limit is known. The thermometers and other instru- 
ments measure only a few degrees, in the middle of a scale, 
whose extremities are indefinitely extended. 

Sect. 2. Insensible Calobic. 

Specific Caloric, Every one sees that a quart of water 
contains double thQ quantity of caloric, which is contained in 
in a pint of the same liquid, when the temperature of both is 
the same. But dijQTerent quantities of caloric are required to 
raise equal weights of diflerent substances to the same tem- 
^rature, and, conversely, different quantities are given out by 
them in cooling equally. Suppose, for example, that on add- 
ing a given quantity of heat to a pound of water at 50*, the 
temperature will become 60®, the addition of the same quan- 
tity to a pound of sperm oif at 50°, will raise the tempera- 
ture to 70°, while a pound of powdered glass will be raised 
from 50° to 100° by the same quantity of caloric. The tem- 
perature is increased 10°, 20° and 50° in these different sub- 
stances ; i. e. if the required temperature to which they shall 
be raised be given, the oil will require but half as much heat 
as the water, and the gla^ only one fiAh as much. Specific 
heat is the relative quantity of caloric requisite to raise the 
temper alure of substances equally ; i. e. taking water for a 
standard at 1, the specific heat of sperm oil will be -ff^t &nd of 
powdered glass ^.* 

In these experiments, a portion of caloric disappears. 
This portion has been called latent or combined caloric, in 
reference to the theory mentioned in the note below. The 
phrase insensible heat is preferred as not involving any theory. 

* The phrase capacity for caloric was formerly used, and was inten- 
ded to convey the idea, that a portion of the heat enters into and is 
combined with substances in a latent state ; but thia is hypothetical, 
and the phrase speqific beat is preferred, aa involving merely a fact. 
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Various methods have been imployed to ascertain the spe* 
cific heat of substances. The most convenient method is to 
mix with the substances, all being at the same temperature^ 
a given quantity of some liquid, as water, at some other giv- 
en temperature, and observe the relative effects. Thus, as 
in the example given, a pound of water at 80° may be add- 
ed to a pound of the same at 50°, and the resulting temperature 
will be the mean 65° ; another pound of water at 80° to 
a pound of oil at 50°, and the resulting temperature will 
be 70°, t. e. the oil will gain 20° while the water loses but 
10° ; ^ and again, a pound of water at 90^ to a pound of glass 
at 50°, and the temperature of the mixture will be 75°, tlic 
glass gaining 25°, by 5^ loss of the water. Other, and more 
difficult experiments, are necessaiy to ascertain the specific 
heat of gases and solid bodies. 

The principal laws of specific heat are the following. 

1. At the same temperature, and in the case of gases, with 
the same pressure, the specific heat of each body is constant. 

2. The higher the temperature, and in the case of gases, the 
less the pressure, the greater the specific heat of the same body. 
This is supposed to be owing to expansion. In gases, the 
specific heat varies with the density and elasticity ; the great- 
er the density, the less the specific caloric ; and the greater 
the elasticity, the greater the specific caloric. 

8. A change of form is accompanied by a change of speci- 
fic caloric. The specific heat of a body, as it passes from a 
solid to a liquid state, is increased. It is also supposed to be 
increased by a change of the body from a liquid state to 
that of a gas or vapor. « 

4. As each substance has a specific heat peculiar to itself, 
it follows, that a change of constitution is accompanied by a 
change of specific heat. 

6. A change of specific heat is generally accompanied 
by a change of temperature. Thus the expansion of a gas, 
wbicb increases its specific heat, diminishes its temperatore% 

4* 
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As a practical inference from the doctrine of specific 
heat, it may be remarked, that much less fuel will he neces- 
sary to heat some substances than others. 

Effects of Insensible Caloric, 

These are liquefaction and vaporization.* 

I. Liquefaction.! All bodies exist in one of three states, 
soUd^ liquid^ or gaseous^ and their forms seem to depend, as 
we have seen (page 32), upon the relative forces of coliesioo, 
and caloric. /|f Hence, by the increase and diminution of ei- 
ther of these forces, we can cause the body to assume either 
of these states./ If a solid be sufficiently heated, it will be- 
come liquid, and then gaseous.^ (So general is this fact, that 
it may be stated as a law. ) 

Point of liquefaction, /The temperature, at which lique- 
faction takes place, is called the melting pointy or point of fu- 
sion^ as that at which liquids solidify is termed the poinl of 
congelation,! (These points are identical ; but there is a very 
great difference in substances as to the degree of heat which is 
required to fuse them/ (Each substance has a fixed point of 
fusion and of congelation, i 

Caloric of fluidity. If a pound of ice, which is at 32**, be 
melted in a pound of water at 172°, the temperature of the 
whole will not be at the mean of 102^, but at 32^, showing 
that 140^ have been taken into a latent state, by the liquefac- 
tion of the ice. Generally, liquefaction is accompanied by 
the conversion ofjree into insefisible heat. The heat which 
thus disappears, seems essential to the process of liquefaction, 
and is called the caloric of fluidity. Its quantity varies in dif- 
ferent substances, as in the following table. 

Ice, 140**, Far. Beeswax, 175°, Far. 

Sulphur, 143.68°, " Zinc, 490% " 

Spermaceti,145°,, " Tin, 500°, " 

Lead, 162°, " Bismuth, 550°, " 

Irvins. 
* Classed as effects of insensible caloric, because the' free caloric 
paaies into an insensible state, which is essential to the process. 
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When the process is reversed, in congelation, this insensible 
caloric is thrown out in a free state. Thus the freezing of 
water produces heat. 
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( Freezing may also be efiected by the rapid solution of 
salts. \ The following table exhibits the proportions, taken 
from Walker's essay in the Phil. Trans. 1795. The salts 
must be finely powdered and dry. 



MIXTURES. 

Muriate of annmonia 

Nitrate of potassa 

Water 

Nitrate of ammonia 

Water 

Nitrate of ammonia 

Carbonate of soda 

Water 

Sulphate of soda 

Diluted nitrous acid 

Sulphate of soda 

Nitrate of ammonia 

Diluted nitrous acid 

Phosphate of soda 

Diluted nitrous acid 

Phosphate of soda 

Nitrate of ammonia 

Diluted nitrous acid 

Sulphate of soda 
Muriatic acid 
Sulphate of soda 
Diluted sulphuric acid 



Parti Thermometer falls 

by woif bU 



Oef..orCold 
prod need. 



5>from-f6(rto+10* 40deg. 

{5from4-5(K»to+ 4^ 46 

1) 

l>from-f50^to— r 57 
1) 

IJfrom+SO^to— S** 63 

6^ 

5Vfrom+5(rto— 14** 64 

JJfrom-f5(rto— 12^ 62 

6>from+5(rto— 2r 71 

I \ from +50^^ to 0* 50 

^|from+5(rto +3* 47 



tin order to the greatest effect, the substances should be 
cooled in a freezing mixture before they are united.^ The 
degree of cold produced by these artificial processes, is lim- 
ited. The greater the difference between the temperature of 
the air and that of the mixture, the more rapidly will the air 
communk^te caloric to it, and this soon puts a limit to the 
degree of cold. According to Mr. Walker, the greatest 
cold did not exceed 100^ below the zero of Farenheit But 
a more intense cold is produced by evaporalbn. 
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LNo process, however, will deprive a body of all its caloric.^ 
I Dr. Irvine has attejfnpted to infer the absolute amount from the 
specific caloric of bodies jf thus ice contains ^ less specific ca« 
lone than water, and as this ^^ is equal to 140^, it is inferred, 
that water contains ten times the amount, or 1400° of caloric, 
but the estimates made by di^rent chemists vary from 900^ 
to 8000°, which shows that but little confidence can be put 
in their calculations. 

II. Vaporization. By vaporization is meant the conver- 
sion of liquid and solid substances into vapor. It is generally 
supposed, that if sufficient caloric be applied, all substances 
are susceptible of this change. 

A ^05 differs from a vapor ^ in the circumstance, that it is 
not so easily condensed into a liquid ; it retains its state at or- 
dinary temperatures and pressures. " The only difference 
between gases and vapors, is the relative forces with which 
they resist condensation."— T. 

Some substances yield vapor readily, and are called vola* 
tile. Others sustain the strongest heat of furnaces, without 
volatilizing, and are hence said to be Jixed in the fire. This 
difference seems to depend on the relative forces of cohesion 
and caloric. Liquids are more easily vaporized than solids ; 
and solids, with a few exceptions, like camphor, assume the 
liquid state before they are converted into vapor. 

Liquids may be vaporized in two ways : 1. by ebullition ; 
2. by evaporation. In the first case, there is a rapid produc- 
tion of vapor, causing commotion in the liquid, and in the 
second, the process is conducted silently, the vapor impercep* 
tibly passing off from the surface of the liquid. 

EhuUition. 

Boiling point. The temperature, at which a liquid is con- 
verted by ebullition into a vapor, is called its boiling point. 
This point varies greatly in different liquids, under the same 
circumstances, and in the same liquid under different degrees 
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of pressure. But each liquid has a fixed boiling point, when 
all the circumstances are the same. 

The chief circumstance, which modifies the boiling point 
of the same liquid, is the pressure of the atmosphere. 

A column of air, extending to the top of the atmosphere, 
presses upon every square mch of surface with a force equal 
to 15 lbs. This is sufiicient to sustain a column of mercury 30 
inches, or a column of water 34 feet. But the pressure va- 
ries at different times, on the surface of the earth, and as we 
ascend high mountains, the pressure diminishes rapidly. The 
instrument by which this variation is measured is called the 
Barometer, 

The principle of which, may be illustrated by filling a glass 
tube, open at one end, and about 33 inches long, with mercury, 
and inverting the open end in a cup of the same liquid. The 
pressure of the atmosphere on the surface, will sustain the 
mercury in the tube to the height of from 27 to 31 inches. 

When the Barometer stands at 30 inches, ether boils at 
9^, alcohol at 176**, water at 212°, and mercury at ^**. 
If the barometer stand at 28, all these substances will boil 
at a lower temperature, and if it rise to 31 inches, the boiling 
points will be raised. Hence the two following laws : 

1.^45 the pressure on the surface of liquids diminishes,^ 
their boiling temperatures diminish, ^hus, water heated to 72® 
and placed under the receiver of an air pump, will boil if the 
temperature be preserved, v Ether will boil violently under 
an exhausted receiver, at the common temperature of the at- 
mosphere.X 

Fig 14. 

Exp, 1. Fill the barometer tube a with mercury (fig. 
14.) and invert it in a cup c of the same liquid, then 
introduce a small quantity of ether. As soon as it 
reaches the vacuum r it boils rapidly, and the vapor 
forces the mercury down the tube. 

Exp, 2. The pulse glass acts on the same principle, 
the heat of the hand being sufficient to cause violent 
ebullition. 
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Influence of pressure upon the BoUing Point. 47 

Ether boils in vacuo at -44^, alcohol at 96^, and water at 
72^, and liquids generally boil at temperatures 140® less in 
vacuo than at the common pressure. 

It is owing to this fact, that intense cold can be produced 
by boiling ether in vacuo. Water, and even mercury, under 
favorable circumstances, may be frozen. To render the ex- 
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For experimentB on the pressure of jF^. 16. 

Steam, MarceVs digester (fig. 16.) is well 
adapted ; a is a strong brass globe, into 
which a portion of mercury is poured, 
and then half filled with water ; W ba- 
rometer tube passing through a steam 
tight collar to the bottom of the globe ; c 
is a thermometer graduated to 400® or 
500** ; d a stop-cock ; e a spirit lamp, and 
/"a brass stand upon which the whole is 
supported. Upon the stop-cock d a 
steam gun may be screwed. When heat 
is applied, the pressure is measured by the 
height to which the mercury rises in the 
tube J, and the temperature is ascertained 
at the same time by the thermometer c. 
On the application of heat, as soon as 
the water boils, the thermometer will 
stand at 212°, and the pressure, of course, 
will be equal to one atmosphere, or 15 lbs. 
to the sq. inch. As the temperature in* 
creases to 217°, the pressure will elevate 
the mercury 5 inches, and at 242° about 
30 inches, each degree of temperature 
raising the mercury about one inch. 

Absorption of free caloric in ehullition. When water is 
converted into steam, a great quantity of sebsible heat is taken 
up into a latent state— which on condensation again appears 
in a free state. If, for example, steam at 212° sufficient 
to form one pint of water, be condensed in ten pints of wa- 
ter at 117°, the temperature of the whole will be 212°, the 
ten pints will be elevated 95° ; this is equivalent to raising the 
temperature of one pint 950°. The latent heat <^ steam is, 
therefore 950° ; other substances are subject to the same law. 
Hence, it may be stated generally, that in ehullition^ heat is 
taken into a latent state^ and given out on condensation. 

The latent heat of different vapors is various, as may be 
seen in the following table : 
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Latent Wat. 

Vapor of water at its boiling point, . 96T* 


Alcohol, . 


442 


Ether, . 


902.379 


Petroleum, 


177.87 


Oil of turpentine, 


177.87 


Nitric acid. 


531.99 


Liquid ammonia. 


837.28 


Vinegar, 


875 



Steam is formed, ordinarily, by ebullition. At the moment 
when water takes the state of vapor, in the open air, it has an 
expansive force equal to one atmosphere, or 15Ibs. on the 
sq. inch. If then it be disconnected from water^jts laws of ex- 
pansion and contraction, at all temperatures above 212^, are 
the same as all gaseous bodies, i Equal increments of caloric 
expand it equally, and its expansion is in the ratio of the heat* 
ing power ; for every degree of Farenheit's thermometer, it 
expands :^^ of what its volume would be. at 32°, if it did not 
condense. It may be heated like any gas, until it is red hot, 
if the vessel is sufficiently strong. But steam is usually 
formed in the boiler where water is present, and as the tem- 
perature increases, fresh portions of steam are constantly add- 
ed to that which is already formed, so that its expansive 
force increases in a much more rapid ratio. According to 
the experiments of Dulong and Arago, if we take atmospheric 
pressure for a unity, we shall find the pressure of steam at 
233.96®, equal to IJ atmospheres, 

250.52 equal to 2 atmospheres, or 301bs. to the sq. inch. 
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435.56 
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24 
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360 
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486.59 
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600 
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510.60 
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50 
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750 


(( 



When steam at a higti temperature, is Condensed in cold 
water, a loud crackling noise is heard. 

Exp, Let a jet of steam rush from the digester through a 
pipe into cold water. 

5 
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90 CdUrtric-^VkeM of Steam. 

When liquids are converted into vapor, under high pressure, 
the vapor is very dense. If then, it is allowed to escape from 
the orifice of the boiler, the hand may be held at a short dis- 
tance without being burjied, though the tempemture of the 
steam, before It escapes^ is several hundred degrees. This is 
due to its expansion, and the consequent absorption of its 
sensible caloric. When water is converted into steam at 
212**, it absorbs 920** of caloric. — If now it be condensed to 
82*, it will give out 950** of latent, and 180" of sensible calor- 
ic = 1130*. Now, if we take the same weight of steam, at a 
higher temperature, 250**, and condense it to 32**, it will give 
out 912* of insensible, and 218** of sensible caloric = 1130** ; 
hence, the sum of the sensible and insensible caloric contain' 
ed in equal weights ofsteam^ is exactly the same at all temper- 
atures= 1130.^ 

The absorption of caloric seems to perform a similar office 
in vaporization and liquefaction, being essentially alike to the 
formation of vapors, and of liquids. 

Application of steam to practical purposes. 

It is used for warming rooms. For this purpose it is con- 
veyed in pipes, and continues to heat the room until its calor- 
ic is nearly exhausted. It is then condensed to water, and 
gives out its latent caloric. 

Every cubic foot of steam in the boiler will heat 200 feet 
of space to 70* or 80* ; and each square foot of steam pipe 
will warm 200 cubic feet of space. 

It is used for heating water-baihsand dyeing-vats ; for bleach- 
ing cloth; for producing a vacuum by its condensation; for 
various culinary purposes ; also, for drying various substan- 
ces, such as muslins, calicoes, gun-power, etc. 

; But. its most important application is to the propelling of 
machinery ; the instrument employed for this purpose is 
the steam engine. The invention of the steam engine is due 
to Capt Savery. The principle of his invention may be il- 
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lustrated by a tube, with a ball blown at one Fig. 17. 
end (fig. 17.) ; fill this with water and invert 
it in the same liquid ; apply heat to the bulb, 
and as soon as the water is at 212^, steam 
will be formed and force the water out ; but 
as soon as the steam comes in contact with 
the cold water in the vessel, it is suddenly 
condensed ; a vacuum is formed, and the at- 
mosphere forces the water with great vio- 
lence up the tube, so as to fill the bulb. If a 
piston be fitted to the tube, it will constitute 
the instrument devised by Dr. Wollaston, 
except that the steam in his apparatus, is 
condensed by putting the bulb into cold water. The atmos- 
phere presses the piston down, while it is raised by causing 
the water in the bulb to boil. The moving power of the 
steam engine is the same as in this apparatus, but the steam 
is condensed in a separate vessel called the condenser ; this 
constitutes the improvement of Watt, by which means, the 
temperature of the cylinder is never below 212^ Far. 

The steam generator of Mr. Perkins, sustains a pressure of 
800, 1000, and even ISOOlbs. on the square inch. The steam 
is then so hot as to set fire to tow, and even ignite the gen- 
erator at its orifice. At this very high temperature, it is about 
half as heavy as water. It is a remarkable fact, that at such 
pressures, the steam will not rush through a small aperture, 
through which it will rush with great violence, and a roaring 
noise, when the temperature and pressure are diminished. 
Mr. Perkins thinks that 400 atmospheres, or 65,000lbs. to the 
square inch, is the maximum of pressure; i.e. that under 
this pressure, water will remain liquid at any temperature* 
even at a white heat. The boiler of the generator is small, 
and not more than a gallon of water is usea at a lime. 

Steam artillery, Mr. Perkins has succeeded in applying this 
amazing force to the propelling of cannon balls. He states that 
sixty 4lb. balls can be discharged in a minute, with the aceu- 
ragy of a rifle musket, and to a proportional distance. A 
musket may also be made to throw from one hundred to a 
thousand balls per minute. It is greatly to be hoped that his 
experiments will prove successful, for if such engines of death 
could be brought into the field of battle, few nations would be 
willing to settle their disputes in that way. Few would fight 
in the prospect of certain deatli. . . 
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Dislillation. This process is Fig. 18. 

conducied by converting liquids — 

into vapor, which passes into a ' 
long metallic tube, or worm sur- 
rounded by cold water. The va- 
por is condensed, and the liquor 
runs otr at the opposite extrem- 
ity of the tube. Fig. 18. repre- 
sents this apparatus ; a a copper 
boiler, b its head connected with 
the worm, which is coiled in the 
refrigerator d^ which is nearly 
filled with cold water to condense the vapor. 

Evaporation, 

The only difference between evaporation and ebullition is, 
that the one takes place quietly, and the other with the ap» 
pearance of boiling. Evaporation takes place at all tempera* 
tures, but ebullition at fixed temperatures. The former takes 
place, not only in all liquids, but in many solids, as camphor ; 
the latter is confined to liquids. 

Evaporation is much more rapid in some liquids than in 
others, and it is always found that those liquids whose bolHng 
points are lowest evaporate with the greatest rapidity. Thus 
alcohol, which boils at a lower temperature than water, evap- 
orates also more freely, and ether, whose point of ebullition 
is yet lower than that of alcohol, evaporates with still greater 
rapidity. Also, if the temperature of the liquid be raised or 
lowered, the evaporation will be more or less rapid. 

Increase of pressure checks evaporation, and diminution of 
pressure promotes it ; thus water will evaporate much more 
rapidly in a vacuum. This is precisely what we should ex- 
pect from the fact just mentioned, that evaporation is most 
rapid in liquids whose boiling point is lowest, for the diminu- 
tion of pressure lowers the boiling point. From the three facts 
which have been mentioned, it may be inferred that(eoapora- 
tion is more rapid as the distance between the boiling point 
and Ike temperature of the substance diminishes^ 
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The other circumstances that iofluence the process of evap- 
oration are the following,: 

Extent of surf ace. As evaporation goes on from the sur- 
foce, it is evident, that the greater the extent of surface, tbcf 
more rapid the evaporation. 

Slate of the aimosphere. If the atmosphere be already 
saturated with moisture, evaporation will be checked ; or if 
the air remain still, it will soon become saturated, and the 
evaporation id promoted by the motion of the air. 

Absorption of Free Caloric hy Evaporation. 
If a dish of water be placed in the e^aust^d receiver of ao 
air pump, and another, of sulphuric acid, to absorb the vapor 
of the water, the water will evaporate so rapidly, as to be fro- 
zen by the absorption of its sensible caloric* Hence the tf' 
feci of evaporation is to produce coZ(Z— rbecause the senile 
caloric passes into au insensible state. 

Eaep, This may be Ainher illustrated, by filling a smalt glatm 
tube with water, and surrounding it with cotton wool. If th« 
cotton wool be soaked with ether, and a current of air, from a 
common bellows, be directed upon it, the water in the course 
of a ^Q^ moments, will congeal. 

Exp>K very satisfactory ex- Fig, 19. 

periment is performed with the 
cryophorus^ an instrument in- 
vented by Dr. Wollaston. It 
consists of two glass balls, (fig. 
19.) connected by a glass tube. Both balls ate free from air, 
but one of them contains a portion of distilled water. When 
the other ball is placed in a freezing mixture, so as u>.coii<- 
dense the watery vapor as fast as it formed, the evaporatiop 

* The most intense cold which has been produced, is the efibDt «(* 
evaporation. If a large quantity of carbonic acid gas be condense^ 
into a liquid by pressure, and suffered to escape through a sAiall 
aperture, it will congeal by its own expansion j the solid acid thus 
formed, will evaporate so rapidly in a vacuum, as to produce the 
cold of -ISO* Far. At this temperattire, the stronjgest alcohol becomes 
Trteid, and eomraon tlcohol betomes frosen.' - • i 

5* 
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IB 80 rapid from the surface of the water in the other ball, 
as to freeze it in two or three minutes. 

Cause of Evaporation. The cause of evaporation is doubt* 
less the same as that of ebullition, calorie^ although some hav6 
attempted to account for it on the supposition of an affinitj 
between the air and the evaporated liquid ; but evaporation in 
a vacuum is fatal to this hypothesis. 

Uses of Evaporation. It is well fitted^ for cooling apart- 
ments. All that is necessary for this purpose, is to sprinkle 
the floor with water. It moderates the heat of warm climates ; 
hence places near large bodies of water are cooler in the sum- 
mer than those more remote, and the greater the heat from the 
sun^s raySy the more rapid the evaporation, and of course the 
greater quantity of sensible caloric goes into an insensible 
state. 

Evaporation not only takes place from the surface of water, 
but from the surface of the earth, and from plants and ani- 
mals ; hence it tends to defend the animal, as well as the ve- 
f^table system, from external heat When an animal is ex- 
posed to external heat, perspiration commences over the whole 
surface, and the liquid, in passing to a vapor, absorbs the sen- 
sible caloric. On this principle fire-kings subject themselves 
to a high temperature, with but little inconvenience. The oven 
girls of Germany, also, often expose themselves to a tempera- 
ture of from 250** to 280°, and one girl breathed five minutes 
in an atmosphere of 325°. In these coses, water boils rapid- 
ly, and beef-steak is cooked in a few minutes. If, however, 
the air be moist, or the body be varnished, so as to prevent 
perspiration, the heat cannot be sustained for a moment. The 
heat produced by v'lolent exercise is carried off in the same 
manner. 

But the vital principle, doubtless, has much to do in fortify- 
ing the system against the extremes of heat and cold, for 
though men may be subjected to a range of temperature of 
more than 400°— from 350° above to 75° or W belowisero— 
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the temperature of their bodies does not vary five degrees, 
but remains stationary at 98° and 100°, during all the varieties 
of external temperature. 

Evaporation of\en fills the air with deadly miasma. The 
fever and ague is supposed to be produced in this way. CJon- 
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process of ihamng, contrary to tbe cororoon belief, is afreex^ 
ing process. Ice, in becoming water^ abeorbs 140^ of sensi* 
ble caloric ; hence countries surrounded by water are cooler 
iQ the spring than those where less ice is formed during the 
winter.. 

2. Liquids, in passing to vapors, absorb sensible cabric* 
In the vaporization of water nearly 1000** of caloric are ab* 
sorbed. It is therefore a much more powerful cooling pro* 
cess than the liquefaction of ice ; hence the heat of warm 
countries is greatly reduced by the constant formation of va* 
per. This is the reason why the transition from the cold of 
winter to the heat of summer is not sudden, but gradual ; the 
ice and the water cannot obtain caloric in sufficient quantities 
to convert them into vapor. 

3. When vapors and gases become liquids, they give out 
large quantities of caloric ; hence it is usually warmer aAer 
a raio, a large quantity of caloric being evolved by the con? 
densation of the vapor in the atmosphere. 

4. Liquids in becoming solids, give out caloric ; hence the 
process o( feeezing is a heating process. To prevent some 
substances from freezing, we have only to place them near 
thbse which congeal at a higher temperature ; thus water pla*^ 
oed in a cellar will prevent vegetables from freezing, because 
they require a lower temperature than water to freeze them ; 
before they reach tlie point of congelation, the freezing of the 
water renders its insensible caloric sensible, and prevents 
them from attaining it. 

By the process of converting ^ater into ice, a process con- 
•tfemtly going forward when the thermometer stands at dOr 
Far., large quantities of caloric are thrown off into .the atnoK)^ 
phere ; hence the shores of a country are warmer in the win- 
ter than the interior ; hence, too, the approach of the cold sea- 
son is gradual, the greatest degree of cold rarely occurs till 
after the winter solstice, twentieth of December. Were these 
kws suspended, September and March would be of equal 
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temperatures* June would be the warmest, and Decemb^ 
the coldest month in the year. 



Sect. 3. Soitrces of Caloric. 

The principle sources of caloric are : 

1. The Sun. 

2. Chemical action, including electricity, galvanism, and 
combustion. 

3. Condensation by mechanical action, including percussion^ 
and friction. 

4. Vital action. 

1. Sun, The heat produced by the sun varies with the 
kind, and color of the surface, according to principles already 
noticed. The temperature produced by their direct action is 
seldom more than 120°, but when the rays are concentrated 
by means of convex lenses, or concave.mirror8,«very intenso 
heat is produced. Lenses have been constructed conceiitra^ 
ting sufficient heat to melt some of the most refractory mer 
tals ; but the most intense heat, at any considerable distance, 
is produced by several concave mirrors, which reflect the rays 
to one focus. Metals and minerals have thus been melted at 
the distance of 40 feet, and wood ignited at the distance of 
120 feet from the mirrors. 

2. Chemical action. Caloric is oilen produced by chemical 
and electrical action. A very great heat occurs in the phe- 
nomena of combustion^ which may be defined to be the disen* 
gagement of light and heat in substances by chemical combi* 
nation. But the most intense heat is produced by voltaic, ox 
electrical action. 

3. Condensation. It has been already stated, that substan* 
ees develope caloric by diminution of their bulk, as when gas- 
es pass to liquids and to solids. A fire is oflen kindled by 
rubbing pieces of dry wood against each other ; heavy ma« 
chinery, if not properly oiled, oflen ignites wood, and axletrees 
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of carriages are burned oflT; the sides of vessels are set on 
fire by the descent of the cable. The friction in these cases 
condenses the parts, and the caloric is developed. So when 
iron is struck with a hammer several times, it becomes hot 
Fire is also struck from steel with any hard substance like 
flint. This is denominated percussion. 

4. Vital action. The caloric developed by vital action, is 
supposed to be owing in part to the chemical action of the air 
upon the blood, but it is more probable that the vital principle 
operates to produce most of it, in a way not well understood. 

Sources of cold. The sources of cold are, liquefaction^ »a- 
porizatUm^ rarefaction^ and chemical action. 

Sect. 4. Nature op Caloric. 

On this subject there are two theories. Sir H. Davy and 
some others considered caloric as a property of matter, and 
Sir William Herschel and Prof. Airy have attempted to ex- 
plain its nature by supposing that there exists a subtle ether, 
which pervades all space and all matter, and that caloric is 
the efiect of vibrations made in this fluid, somewhat similar to 
the vibrations of the air which produce the sensation of sound. 
This theory is called the undulatory theory^ and is most fa- 
vorably received by chemists. 

Sir Isaac Newton supposed that caloric was a subtle, ma- 
terial fluid. If caloric is material, it is matter under very pe- 
culiar circumstances. So far as we can determine, it posses* 
ses few if any of the common properties of matter ; its parti- 
cles are self-repellant, opposed to cohesive attraction. If it is 
material, its particles must be exceedingly small, as they pen- 
etrate all other substances however dense. They must also 
be influenced by gravity, but no quantity of them, however 
great, possess the least appreciable weight. It possesses nei- 
ther extension nor impenetrability ; but if it is matter, it must 
have those properties. 
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CHAPTER II. 



LIGHT. 

The physical properties of li^ht helong to the science of 
Optics, a branch of Natural Philosophy. But light has also 
chemical properties, which come within the province of Chem- 
istry. 

Physical properties of light Light is emitted from every 
visible point of a luminous object, and is equally distributed 
on all sides, if not interrupted, diverging like radii drawn 
from the centre to the circumference of a sphere. It travels 
at the rate of 192,000 miles in a second, requiring about eight 
minutes to pass from the sun to our earth. Its velocity Is 
80 great, that the light emitted in the firing of a cannon, or a 
sky-rocket, will be seen by different spectators at the same 
instant, whatever may be their respective distances from it ; the 
time required for light to travel one hundred or one thousand 
miles being inappreciable by our senses. When light falls 
upon any body, it is either reflected^ refracted^ or absorbed. 

ReflectioTu The reflection of light is influenced by the same 
circumstances as that of caloric, and follows the same laws ; 
the angles of incidence and reflection are equal. (Pig. 4. 
page 23.) 

Refraction, When a ray passes from a rarer to a denser 
medium, as from air into water, it is refracted towards a per* 
pendicular to the refracting surface ; this property is called 
refrangibility. 

Thus (fig. 20.), Z b the ray before it 
reaches the refracting surface 3. In- 
stead of passing directly through to a, 
it is bent towards the perpendicular, to 
the surface p, and proceeds to r. But 
in passing from a denser to a rarer me- 
dium, it is refracted from a perpendic- 
ular to the refracting surface. Thus, 
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60 Decon^positum of Light. 

in passing from r it is refracted at the surface towards / instead 
of proceeding to d. Hence a stick, partly in water, appears 
bent. Objects viewed through some substances, as Iceland 
spar, appear double in consequence of a double refraction. 

Decomposition of light. Solar and stellar light contain three 
kinds of rays : 

1. Colorific^ or rays of color. 

2. Calorific^ or rays of heat. 

3. Chemical rays^ or those which produce chemical efi*ects. 
Colorific rays. These may be separated into seven prima- 
ry colors : red, orange, yellow, green, blue, indigo and violet. 

Fig. 21. 

I 

Violet, 

Indigo, 

Bkie, 

Green, 

Yellow, 

Orange, 

Red, 



The instrument by which this separation is effected is a tri- 
angular prism (fig. 21.) of glass, ice, or any transparent sub- 
stance. A beam of light r is admitted into a dark room, 
and passing obliquely through two sides of the prism j9, is re- 
fracted by "both. The different colors are separated, because 
some are refracted more than others ; and instead of a white 
spot after the beam passes through the prism, as at 8, there ap- 
pears a long colored surface c, called the solar spectrum. 

Dr. Wollaston supposes that there are but four colors, viz. 
red, green, blue and violet, occupying spaces in the proportion 
of 16,23,36,28. 

According to Sir D. Brewster, there are but three colors, 
red, yellow., and blue, a mixture of which, produces the others. 

The prismatic colors differ in l\\^\x Uluminaling potcer. 
This is greatest in the yellow and green, and diminishes each 
way to the violet and red. 

Calorific rays. The calorific rays exist in the greatest in- 
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tensity io, and near the red rays, and dimuiish rapidly to- 
wards the violet ; the greatest heat is sometimes entirely with- 
out the red rays ; this however depends upon the kind of sub- 
stances used to separate the rays ; in some cases, it is quite 
on the verge of the orange. The refrangihility, then, of the 
calorific rays is much less than that of the colorific. This 
is shown also by the fact, that when the solar rays are con- 
centrated by a convex lens, the focus of heat is farther from 
the lens than that of light. 

Chemical rays. On the side of the spectrum, a little be- 
yond the violet, are invisible rays which have a peculiar effect 
upon chemical changes. They are most powerful on the 
verge of the violet, and diminish towards the red. 

Photographic drawing depends upon the influence of these 
rays, Exp, Cover glass with beeswax, colored with lamp-black 
— and draw a picture on it by removing the wax with a sharp 
point. If then a solution of salt and water be spread on a 
piece of white paper, and the nitrate of the oxide of silver 
poured upon it, and placed over the glass, chloride of silver 
IS formed, and the sun's rays will, in a few moments, change 
the color black wherever they strike this substance. 

Exp, Soak a piece of white paper in a saturated solution 
of bichromate of potassa, dry it rapidly, and put it in a dark 
room. Place over it prints, dried plants, etc., and expose it 
to the sun ; the objects will be represented yellow on an or- 
ange ground. To fix the drawing, wash it carefully to dis- 
solve the salt which has not been acted upon by the light. 
The object will then appear white on an orange ground. 

If sulphate of indigo be used with the bichromate of potas- 
sa, it will give to the object and to the paper, different shades 
of green. 

Daguerreotype. A method of fixing the images of objects 
on metal has lately been devised by Daguerre. 

Exp, Exppse a plate of silvered copper, well cleaned with 
dilute nitric acid, to the vapor of iodine ; an extremely thin 
coat of iodide of silver will be formed. Place the plate in the 
6 
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Camera Ohscura for eight or ten minutes ; then expose it at 
an angle of 48*^ to the vapor of mercury — heat it to 16T* Far. 
and the images will appear. The plate should then be ex- 
posed to the action of hyposulphite of soda, and washed in a 
large quantity of distilled water.* 

Magnetic rays. Dr. Morrichini of Rome, discovered that 
the more refrangible rays, possessed the property of rendering 
iron magnetic ; Mrs. Somerville confirmed this statement by 
magnetizing a sewing needle with less than two hours^ expo- 
sure to the violet rays ; but others have not been so successful, 
and it is questionable whether these rays possess this pro- 
perty. 

Absorption, The rays of light are separated by absorp- 
tion. When light falls upon a substance, it more or less dis- 
appears like insensible caloric. 

The different colors are absorbed variously by different 
surfaces. This is the cause of the great variety of colors, 
for when all the rays are absorbed except the red, and these 
only reflected, the body is red. Thus, in colored bodies, only a 
part of the rays can be reflected, and to the admixture of the 
different colors in the reflected portion, is owing all the beau- 
tiful variety of color. 

The absorption of light varies with the chemical constitu- 
tion ; hence by the action of chemical agents upon each other, 
every variety of color can be produced at pleasure. 

Exp. Into a little chloride of calcium, in solution, pour a 
few drops of sulphuric acid ; a white solid will be formed. 

Exp. Into a dilute solution of persulphate of iron, pour 
the tincture of gall ; fine black ink will be formed. 

Exp. Into an infusion of purple cabbage, put a drop or 
two of sulphuric acid ; a beautiful red will be produced. 

Exp. Nitrate of mercury and infusion of gall, will form 
an orange color. 

Exp. Nitrate of lead and hydriodic acid, yellow. 

Exp, Vegetable infusion and an alkali, green. 

Exp. Aquae ammonia and sulphate of copper, blue. 

* See Jour. Franklin Inst. XXiV. 207. 
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Exp. Prussiate of potassa and sulphate of iron, indigo. 
E^. Red and indigo mixed, form violet. 

When all the rays are absorbed, so that none can be re- 
flected, the body is black; for the^ same reason, everything 
is black in total darkness. If none of the rays are absorbed, 
and all are reflected, the body is white.* 

Ignition and Incandescence, The phenomena of ignition 
and incandescence include all kinds of artificial light, which 
is obtained by the combinations of inflammable matter, or 
the heating of non-combustible bodies. Solids begin to emit 
light in the dark at 700*^, and in the light at 1000*' Far. Gases 
require a higher temperature ; flame is incandescent gas. The 
color of the rays depends upon the kind of substances and the 
degree of heat : the white light of oil, candles, etc., when 
transmitted th cough a prism, has but three primary colors, red, 
yellow and green. The dazzling light emitted by lime in- 
tensely healed, gives the prismatic colors almost as bright as 
the solar spectrum. Different substances assume different 
colors when intensely heated. Chemical rays exist very fee- 
bly in most arfiflcial light, but in the intense light of lime, un- 
der the compound blow-pipe, they are more easily detected. 

Phosphorescence, There are many substances in nature, 
which possess the property of shining in the dark, without the 
emission of caloric. These are said to be phosphorescent, 
and are known by the term phosphori, (although there is no 
phosphorus connected with the phenomena). 

1. Solar phosphari. Many bodies acquire this property on 
exposure lo tlie solar rays for a few hours. Such, for exam- 
ple, is Canton's phosphorus, a composition made by mixing 
three parts of calcined oyster shells, with one of the flowers 
of sulphur, and exposing the mixture for an hour to a strong 
heat in a covered crucible. Chloride of Calcium (Homberg's 
phosphorus), possesses the same property ; also nitrate of lime 
(Baldwin's phosphorus) and a variety of other substances, 
such as carbonate of Baryta, Strontia and Lime, the Diamond, 
Fluor spar or Chlorophane, Apatite, Boracic acid, etc. Scarce- 
ly any phosphori act unless they have been exposed to light. 

* Colors have an important influence on the absorption and disen- 
gagement of odorous matters. White bodies are the least absorbent 
and dark the most so. 
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When phosphorescence ceases, it can be restored by a se- 
cond exposure to the Hght, or by passing electric discharges 
through the substance. 

Phosphoresence from moderate heat. Chlorophane and sev- 
eral mineral substances require to be heated before they phos- 
phoresce. Lime is a remarkable instance ; when heated, it 
gives out a dazzling white light, too intense to look upon with- 
out injury to the eyes. 

Animal and vegetable phosphori. Some animal and vege- 
table substances emit light at common temperatures, without 
exposure to the sun's rays. This property is remarkable in 
some fish, as the mackerel ; the light makes its appearance 
just before putrefaction commences, and ceases when it is 
completely established. Some species of decayed wood pos- 
sess this property in a remarkable degree. 

Light is also emitted during the crystallization of many salts, 
as the sulphate of potassa and fluoride of sodium. 

Exp, Put three drachms of the vitreous arsenous acid into 
a matrass, with an ounce and a half of hydrochloric acid, 
and half an ounce of water ; boil the mixture for ten minutes, 
and then suffer it to cool slowly. When crystallization com- 
mences, each little crystal will be attended by a spark ; on 
sudden agitation, great numbers of crystals shoot up, accom- 
panied with an equal number of sparks ; if larger quantities 
are taken and the vessel shaken at the right moment, the emis- 
sion of light is so powerful as to illuminate a dark room. 

Photometers. It is sometimes desirable to measure the in^ 
tensity of light, emitted from different objects, and an instru- 
ment has been invented for this purpose called the Photom- 
eter^ or light measurer^ The principal one employed for this 
purpose is that of Leslie. 

It consists of a very delicate and small differential ther- 
mometer, one bulb of which is made of black glass, and the 
whole is enclosed in a small glass tube. The while ball trans- 
mits all the light and heat, and is of course unaffected ; the 
black ball absorbs all the rays, and heats the air within, so as 
to cause the liquid to rise. Its action of course depends upon 
the heat produced by the absorption of light. 

Some olgections to this instrument have been stated by 
Turner. 
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Count Rumford^s Photometer determines the comparative 
strength of lights, by a comparison of the shadows of bodies. 

Sources ofligJU, These are similar to those of caloric, the 
sun^ stars, chemical action, mechanical action,, and caloric. 
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be Electrified^ or Electrically excited. When friction is ap' 
plied to many other substances they exhibit similar phenom- 
ena. The cause of this attraction and repulsion is ascribed 
to an agent called Electricity^ and when it is excited by firic* 
tion, it is deisgnated by the title of Common Eledricity. 

If a plate of copper and a plate of zinc, having copper wires 
soldered to each, be immersed in acidulated water, and the 
ends of the wires brought into contact, they will exhibit simi- 
lar phenomena of attractbn and repulsion. When electrici- 
ty is excited in this way, there b always a chemical action 
between the metal and the liquid, and it is called Voltaic EUo- 
tridty^oT Galvanism^ in honor of Gralvani, who made the dis- 
covery. 

Sect. 1. Common Electricity, 

CJommon Electricity is generally excited by the friction of 
one substance upon another. 

If a piece of sealing wax, or any resinous substance be rub- 
bed with a silk cloth, and a pith ball suspended by a thread be 
brought near it, the ball will be at first attracted^and then re- 
pelled. 

If a rod of glass, or other vitreous substance, be rubbed in 
a similar manner, and brought near the ball, it wiH attract it, 
while the sealing wax will repel ft« If two balls be each 
electrified by the sealing-wax, or by the glass, they will repel 
each other ; but if one is electrified by the wax, and the other 
by the glass, they will attract each other ; hence, when friction 
is applied to resinous, and vitreous bodies, opposite effects are 
produced. The state induced by friction upon the glass, was 
called by Dr. Franklin positive^ and that induced, upon the 
wax negative^ and the substances were said to be positively 
or negatively electrified. 

Theories. Franklin Supposed that electricity pervaded mat- 
ter generally, and that friction tended to bring it upon the sur- 
fece of bodies, or drive it from them. 
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Theories of Franklin and Du Fay. ffl 

That it was in its nature self-repellent, but possessed a pow- 
erful attraction for common matter ; when a body was elec- 
trified positively^ it had more than its share of electricity ; when 
it was electrified negatively ^ it had less than its natural portion, 
Du Fay supposed that there was two fluids, the one devel- 
oped by the friction of the glass, he called vitreous, which 
answers to the positive electricity of Franklin, and the other, 
developed by the friction of the wax, he called resinous , which 

electricity of Franklin. Each 
le other. It follows from this 
ed by the same fluid repel, and 
! fluids attract each other, and 
hem. 

ils may be shown by 
fig. 22.), which con- 
uspended by a brass 

^^^ , ^ J 3r. When electrified 

with either kind of electricity the leaves diverge. 

But, if when the leaves diverge with negative 
electricity, a substance excited positively be brought 
near, the leaves will collapse. 

Exp, Bring excited sealing-wax in contact with "^ 
the brass knob a, the leaves will diverge with nega- 
tive electricity. Place now, excited glass upon the knob, and 
the leaves will come together, because the positive fluid re- 
stores the equilibrium. If pith balls be suspended by a wire 
or thread, the same effect may be produced. 

Some substances, such as glass and resin, retain the elec- 
tricity upon their surfaces when excited, and are hence call- 
ed non-conductors of electricity. 

Other substances, as the metals, do not retain electricity 
upon their surfaces, unless they are surrounded by non-con- 
ductors, but convey it away or oppose no barriers to the union 
of the two fluids; such bodies are called con(ffictor« of elec- 
tricity. The metals are all conductors ; dry air, glass, sul- 
phur and resins are non-conductors ; water, damp wood, moist 

* EXenr^ and ftsr^ov, a measurer of electricity. 
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68 Eleclrical Machine. 

air, alcohol and some oils, are imperfect conductors. The 
non-conductors are called insulators. 

Some substances exhibit signs of electricity when heated, 
such as tourmalin, topaz, diamond, beryl. 

Fig. 23. 



The instrument, by which the phenomena of common elec- 
tricity may be best exhibited, is the electrical machine (fig.. 
23), which consists of a cylinder, or plate of glass revolving 
on an axis, and subjected to the friction of a rubber of leather, 
or silk, upon which is spread a thin coat of amalgum, com- 
posed of tin, mercury and tallow. The rubber is insulated by 
a glass pillar, and communicates with the ground by a brass 
chain. Attached to the machine, is a cylindrical metallic 
conductor, which is also insulated by a glass pillar. 

When the machine is in operation, vitreous electricity flows 
from the rubber and glass, by means of fine points, to the 
prime conductor, and resinous electricity passes in an oppo- 
site direction. If the hand be placed upon the conductor, cur- 
rents of electricity will pass in opposite directions, the vitreous 
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passing into the body, and the resinous down the chain at- 
tached to the rubber to the ground. But if the hand be held 
at a little distance from the conductor, a spark will dart through 
the air and cause a prickling sensation, accompanied by a 
slight report, with li^ht and heat. The sound is produced by 
the collapse of the air as the fluid forces a passage through it, 
and the light and heat are supposed to result from the sudden 
condensation of the air as in the fire syringe. 

InduciiotL If an insulated body be brought near the prime 
conductor, it will manifest signs of electricity opposite to that 
of the conductor, on the side nearest the conductor, and sim* 
ilar to the conductor on the other side, while the centre of 
the body will be neutral. The electricity in this case is 
induced by the presence of the electrified conductor, and is 
called induction. Several insulated conductors placed conti* 
guous, will exhibit the same phenomena, if a communication 
be made between the last and^the ground. 

Thus (fig. 24), Fig.24t. 

let A represent the it 9 ^ ft 

positive conductor k 4 \ A Ik 

of an electric ma- - _^,:.Jj^ ^ % IV^ tf 1^ 
chine, h and e in- :=Q>I-> ^ t' ' ^ 7, \ 
sulated conductors T --_ jT X 

with a chain p«g«, JL - JL X 

ing to the ground. 

The conductor h will be electrified by induction as will be in- 
dicated by the attached balls. Thus, 1 being positive will at- 
tract the balls 2, which are rendered negative by induction. 
The balls 8 are also rendered positive, 4 negative, and 5 pos- 
itive, while the centres b c are neutral. 

The phenomena of induction led Faraday to propose a the- 
ory of attraction and repulsion. The reason why an excited 
body attracts another is, that it induces in it an opposite elec- 
trical state. He considers induction an essential function, both 
in the development and continuance of electrical currents ; 
that it consists in a polarized state of the particles, or positive 
and negative points, induced by the presence of an electrifi- 
ed body. 
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Application of the theory. According to this theory, an 
excited hody attracts light substances, because it induces in 
them an opposite state of electricity. 

On moving the hand towards the prime conductor, it is elec- 
trified negatively by induction ; when a spark is received the 
equilibrium is restored. 

When a cloud, positively or negatively electrified, passes 
over a tower, or a tree, it induces an opposite slate in them, 
and a stroke of lightning follows in consequence of the attrac- 
tion between the two accumulated fluids ; hence the utility of 
lightning-rods to form a communication between the clouds and 
the ground. 

The action of the Leyden Jar is due to induction. It con- 
sists of a glass jar, lined on the inner and outer surfaces, save 
a few inches near the mouth, with tin foil. Through (the 
stopper, made of dry wood or sealing wax, a brass rod com- 
municates with the inner surface. When positive electricity 
is applied to the inside, it drives off the same fluid on the out- 
er surface and induces the negative fluid. These^fluids exert 
a strong mutual attraction upon each other, through the glass, 
and enable both to accumulate in larger quantities than they 
would do on separate conductors. When a communication 
is made between the inner and outer surfaces, the equilibrium 
is suddenly restored, accompanied by a sharp report. When 
several jars are connected by their outer surfaces, and also 
by their inner surfaces, they constitute an electrical battery. 

The action of the Electrophorus (bearer of electricity), de- 
pends upon the same principle. 

Electrometers^ or Electroscopes, These are instruments for 
detecting the presence of electricity, as in the Gold Leaf Elec* 
trometer (page 67), or for determining the degree of its ten- 
sion, or attracting and repelling power. For this last pur- 
pose, the Balance Electrometer is used. 
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Fig. 25. 



Thus A (fig. 25.), is a Leyden Jar, which may be connec- 
ted with the prime conductor of an electric machine. B an in- 
sulated brass ball. C another ball, with a chain. G connecting 
it with the table on the floor. D a brass rod balanced at the 
centre F, and insulated by the glass post H. E is a ring 
which may be placed at any distance from F, bringing the ball 
in contact with B. If now, the jar be positively electrifi- 
ed, the ball on the end of E will be repelled, C will be elec- 
trified negatively by induction, and there will be a powerful 
attraction between G and the ball on the end of D, which will 
bring them together, and the equilibrium will be restored. 
The force of attraction will be measured by the distance be- 
tween the balls and the weight applied at E. With a power- 
ful battery, successive vibrations may be produced in the 
beam, and a bright spark emitted at each contact of the balls. 

Laws of the accumvlation of the Electric Fluid. 

1. Free electricity is always accumulated upon the surface 
of an insulated conductor, and does not penetrate Its substance, 
hence the quantity does not depend upon the quantify of mat- 
ter in the conductor, but upon the extent of surface. 

2. The mode in which electricity is distributed over the 
surface of conductors, depends upon their form. On a sphere, 
it forms a uniform stratum. On an elypsoid, the stratum is 
thickest on the extremities of the longer axis, and, as these 
extremities approach to the form of points, the accumulation 
increases till the tension becomes so great, that it flows off in- 
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to the atmoephere, hence electricity cannot he retained on a 
conductor which has points attached to it. 

3. This tendency to escape is due to the repulsion of its 
particles. 

4. Coulomb proved by his Torsion Electrometer, that the 
repulsion of two bodies similarly electrified and the attraction 
of two oppositely electrified, varies inversely, as the square of 
the distance between them. 



Sect. 8. Voltaic Ei^ctricity, ok Galvanism. 

History, In the year 1791, Galvani, an Italian Professor 
-of Anatomy at Bologna, discovered that if a silver probe were 
made to touch the crural nerve of a recently killed frog, and 
a strip of zinc the muscle, violent contractions, would be pro- 
duced at each contact of the two metals ; the same efiect as 
is produced by an electric spark. Hence he concluded, that 
the phenomena were due to electricity, generated by the ani- 
mal system. Some years after. Prof. Volta, of Pavia, dis- 
covered that the animal system was not necessary to the de- 
velopment of this kind of electricity, which he proved by the 
construction of a pile of insulated plates, of different metals, 
called the Voltaic pile. This discovery has given to this form 
of exciting electricity the epithet Voltaic. 

But the identity of the agent concerned in Galvanisn, and 
of that in the common electrical machine, is now a matter of 
demonstration. Magnetism is doubtless due to the same 
agent, and probably chemical affinity, which reduces the four 
subjects to one, and renders it much more simple, and easy to 
classify effects which were once supposed to originate from as 
many distinct agents. 

Simple Voltaic circles, Exp. Place a piece of zinc open 
the tongue, and a piece of silver under it ; whenever the pro- 
jecting edges of these metals are brought into contact, a pe- 
culiar sensation will be perceived, and if the plates are large 
enough, a flash of light. This effect is not due to the animal 
i^stem, but to currents of electricity developed in the metals ; 
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for if the same plates, or larser plates, ^ Fig. 26. 
be placed in water (fig. 26.}, and the 
CQDnectioa made, electricity will be ex- 
cited ; feeble indeed, but in sufficient 
quantities to be detected by a proper 
apparatus. ' If, however, a few drops 
of sulphuric or nitric acid be added to 
the water, and the encb of the pkites G 
and Z brought into contect directly, or 
by means of wires soldered to the plates, bubbles of hydro- 
gen gas will rise from the surface of the copper plate C, 
and electrksity will be developed in larger quantities. The 
currents will continue to circulate from one plate to the other, 
as long as the wires? are kept in contact, but will cease when 
they are separated. ' This is a case of a simple Voltaic circle. 
The direction of the positive current is indicated by the posi- 
tion of the arrows. When the wires are in contact, the cir- 
cuit is said to be closed^ and ar current of positive electricity 
flows through the water from the zinc plate Z, to the copper 
C, and from the copper along the conducting wires to the 
zinc. A current of negative electricity, on the theory of two 
fluids, passes in an opposite direction. When the wires are 
separated the circuit is said to be broken. 

The contact may be made above the water, or in it, or the 
plates may touch , each other throughout, or be soldered to- 
gether," in either case electricity will be excited ; but if one 
plate is out of the liquid, no currents can be produced. 

A simple voltaic circle may be formed of one metal and 
two liquids, provided a stronger chemical action is induced on 
one side of the plate, than on the other. Simple voltaic cir- 
cles niay also be formed of various materials, but generally, 
they consist of one perfect and two imperfect conductors of 
electricity, or two perfect and one imperfect conductors. 

Metals and charcoal are perfect ; water and aqueous solu- 
tions imperfect conductors. But whatever be the construction^ 
chemical action seems absolutely necessary to the develdp- 
ment of voltaic currents. 

7 



Digitized 



by Google 



74 



Compound Voltaic GrcUs. 




The most common and convenient Fig. 27» 

form of the simple battery, is that of two 
cylinders of copper C (fig. 27.), the one 
within the other, separated- about one 
inch, with a bottom soldered on, so as 
to contain the exciting liquid a between 
them, and a cylinder of zinc Z placed 
between the two cylinders of copper. The two plates are fur- 
nished with wires, terminated by the cups b 6, which contain 
a globule of mercury. The connection is made by means 
of wires dipped into the mercury in the cups. Or, the copper 
and zinc may be coiled around each other, so that each sudhce 
of zinc may be opposed to one of copper, but separated from 
it by a small interval. By thus exposing a large surface of 
zinc, to a similar surface of copper. Dr. Hare was enabled to 
melt the most refractory substances, and from this circum- 
stance gave it the name oi Calorimotor, 

Compound Voltaic circles. Compound ckcles consist of a 
series of simple circles, for the purpose of increasing the in- 
tensity of Voltaic currents. Tlie first combination of this 
kind was made by Volta^ and is called the Voltaic pile. 

This pile consists of zinc and copper plates 
(fig. 28.) placed alternately one above another, 
with strips of woollen cloth moistened with salt 
water between each pair. By connecting the top 
and bottom plates, currents of electricity will be 
set in motion. 

But other forms of voltaic circles are now in 
use. The most convenient is that invented by 
Dr. Hare. It consists of any convenient number 
of zinc and copper plates, so arranged, that each 
zinc plate is surrounded by two of copper. 

A (fig. 29.) is a mahogany trough to contain the exciting 
liquid. B a case passing around the plates and connected by 
chains to the windlass C, by means of which, the plates can 
be lowered into the liquid, or raised to any position required.* 
EE are small hand-vices attached to the poles. The zinc 
plates are confined in copper cases, insulated by wopd at each 

* In some batteries the plates are stationary, and the trough is rais- 
ed and lowered. This is the most convenient construction, especial- 
ly in. large batteries. 
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ebd. • The copper cases are separated i of an inch by paste- 
board, which with the wood is saturated by oil and wax. The 
connection between the zinc and copper, plates is made by 
strips of copper soldered to the zinc of one pair, and to the 
copper of the adjacent pah- ; by this construction, the power 
of the battery is increased nearly one half. 



As each zinc plate is connected to the adjacent copper 
plate, the currents are urged along from one to the other, in 
opposite directions, till they m^et at the poles. 

The size and number of . plates may be varied at pleasure. 
The largest battery ever constructed, is that of Mr. Children, 
the plates of which were 6 ft. long, and 2 ft. 8 inches broad. 
The most convenient size is 4 inches by 6. A battery con- 
taming 2 or 300 plates, and thrown into vigorous action, is 
nearly as powerful as one much larger.* The battery of Dr. 
Hare, is called a Defiagrator^ from its surprising power of 
burning the metals. 

The direction of the currents in this apparatus Is the same 
as in the simple circles ; positive electricity passes from the 
zinc through the liquid to the copper plates, and is given off 
at the copper pole of the battery, while negative electricity 
takes the opposite direction and appears at th6 zinc or nega- 
tive pole. 

During tlie action of the battery, all the hydrogen evolved 
in the process is given off at the surface of the copper, and 
the weight of the hydrogen during any given tim6, and that 
of itie zinc dissolved, will be as 1 to 32.3| which is the ratio 
of their chemical equivalents. This shows the close connec- 
tion between electricity thus excited, and chemical affinity. 

■* In experimentinf with the battery the plates should not be im- 
mersed in the liquid but a few minutes ata time ; by .raising^ and low- 
ering them for each experiment, their vigorous action will be kept 
up much longer. 
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Theories of Gahanism. 

On this subject there are three theories. The first origina- 
ted with Volta, who conceived that electric currents are set 
in motion, and kept up solely 6y contact of the dififerent me- 
tals. He regarded the interposed solution merely as a con- 
ductor to convey the electricity from one point to another. 

The second theory was proposed by Dr. WoIIaston, who 
supposed that chemiad action was the sole cause of excit- 
ing and contmuing the Voltaic currents, and the fact that no 
sensible effects are produced by a combination of conductors, 
which do not act chemically upon each other, is the strongest 
proof of its truth ; even in the Voltaic pile^ the energy of the 
action depends upon the oxidation of the zinc. 

The third theory was suggested by Sir H. Davy, and is in- 
termediate between the two preceding. He supposed that 
the electric equilibrium was disturbed by contact of the metals, 
and the electric currents kept up by chemical action. 

The theory of Wdlaston is now generally embraced. 

Laws of the action of Voltaic circles. 

Electricians distinguish between quantity and intensity in 
Galvanism, as in ordinary electricity. 

Quantity refers to the amount of the electric fluid set in 
motion. Tension or intensity^ to the energy or effort with 
which a current is impelled. Common electricity has great 
tension. Voltaic, great quantity^ and this is the principal 
difference between them. 

In the broken circuit,^ there is a strain to establish an elec- 
tric current, because without this^ oxidation cannot take place. 
There exists between the exciting fluid and the zinc, a desire, 
as it were, for chemical action, which cannot be gratified until 
by closing the circuit, a door is opened for the escape and 
circulation of electricity. This strain or tension is great, ac- 
cording as the affinity between the exciting fluid and the zinc is 
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great. Currents of high ttnsion are urged forward with great- 
er iropetoosity than feeble ones, and hence they more readi- 
ly overcome obstacles to their passage. 

Currents from a single pair of plates have not a high tm^ 
sion^ but if the plates are large, a great qnantity of electrici- 
ty is set in motion. 

The coadkioo which causes a high tension^ is an extend- 
ed liquid conductor, along the whole line of which successive 
pairs c^ pktes are arranged ; each acted upon chemically by 
the exciting liquid, and urging on the current in the same direc- 
tion. But the quantity in this case may not be great, for al- 
though its tension is increased by the force which each plate 
gives to the current as it passes, the quantity which passes 
along the wire, according to Far*iday, is exactly equal to that 
which passes through one of the cells in which the plates are 
immersed. 

The energy of voltaic currents is measured, either by their 
power of deflecting a magnetic needle, or by that of chemical 
deeompasition. The deflection of the needle depends upon 
quantity; hence a single pair of plates will deflect the nee- 
dle more than a number of small ones combined, but decom- 
position depends upon quantity and tn^ens/V^ together. The 
decomposing power of the battery, however, does not increase 
in the ratio of the ntimber of plates, but as the square root of 
the number, so that when the number varies as 1 to 4, the de- 
composing power is as 1 to 2. 

The deflecting power of a single pair of plates varies in- 
versely as the square root of the distance between them. 
Thus if a plate of zinc be placed at one, four, and nine inch- 
es from a (Jate of copper^ the deflecting powers will be in 
the ratio of 8, 2, 1. 

The velocity of common and voltaic electricity through 
perfect conductorey is not surpassed by that of light, passing in* 
stantaneously through any disteoce hitherto attempted* Hence 
this agent has been employed to communicate intelligence 
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from one place to another. The Electro Magnetic Telegraphy 
by which this is effected, depends upon the velocity of electri- 
city and its power to deflect the magnetic needle. t 

/' 
Effects of Galvanism, 

The effects of common and Voltaic electricity have many 
points of resemblance. If a zinc and copper plate be immers- 
ed in dilute nitric acid, and the wire attached to the zinc plate 
be made to touch a gold leaf electrometer, the leaves will di- 
vei^e with negative electricity^ and if the wire of the copper 
plate be applied, it will indicate positive electricity. This e^ 
feet is much greater when a battery of several pairs of plates 
are employed. It appears to be due to the disturbed equilibri- 
um in the zinc plate, — the chemical relation of which to the 
acid renders the metal positive at the expense of the attached 
wire, while the copper plate, induced by the contiguous zinc, 
becomes negative at the expense of its wire which becomes 
positive. 

A Ley den Jar may be charged from either wire of an un- 
broken circuit, provided a large quantity of electricity be de- 
veloped, connected with high tension. This effect depends 
upon the number of plates and the energy of the action. 

Voltaic, like common electricity, passes thtough the air 
and other non-conductors, in thq form of sparks, accompanied 
with a report, and the development of light and heat. Hence 
it will inflame gun-powder, phosphorus, hydrogen and oxy- 
gen, and other inflammable substances. 

Its tension^ however, is so feeble compared with common 
electricity, that it has, according to Mr. Children, a very small 
striking distance^ i. e. the space of air through which the 
spark will pass is comparatively small. With a battery of 
1250 pairs of four inch plates, he found the striking distance 
to be -g^ir o^ an Inch. If the air be rarified, the distance will be 
increased, and diminished by condensation. 
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^ — ^The effects of voltaic electricity upon the animal system is 
the same as that of common electricity. 
^ Both kinds also deflect the magnetic needle, and produce 
chemical decomposition. 

One of the most surprising effects of voltaic currents is 
their power of igniting the metals. 
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The effects of coimnoo electricity from the electric machine, 
and in the case of lightning, are 80 similar to those above de- 
scribed, that there can be no doul^ of the identity of the 
agents concerned in their production. 

Chemical effects of Galvanism, The phenomena which 
accompany chemical combinations are similar to those pro* 
duced by voltaic electricity. But the agency of voltaic cur- 
rents to effect the decomposition of chemical compounds is a 
most important and useful discovery which was first made by 
Carlisle and Nicholson. 

The first substance decomposed by the Gal van- Fig. 80. 
ic battery was water. The water for decomposi- 
tion is put into a small vessel a, (fig. 30.) The 
tubes A o, after being filled with water, are inverted 
in the vesi^l, passing through holes in the stopper ; 
n and p a^re platinum wires passing through the 
sides of the vessel into the open ends of the tubes. 
When the poles of the battery are connected with 
the wires, the positive with p, and the negative 

with n, hydrogen gas is disengaged at the negative, 

and oxygen at the positive wire. The two gases, will rise up 
in the lube in small bubbles and displace the water. By 
measuring the gases, it will be found that there will be exy 
actly two measures of hydrogen in the tube A, to one of pjcy- 
gen in the tube o. If the gases are collected in the same tube 
and exploded in the eudiometer, they will entirely disappear, 
and water will again be formed. By this means the compo- 
position of water, both by analysis and synthesis, is accurate- 
ly ascertained. 

This important discovery led to similar trials upon other 
substances. Other compounds, such as acids, salts and alka-^ 
lies were subjected to the agency of Gralvanism, and all were 
decomposed— one of their elements appearing at the positive, 
the other at the negative pole. In these decom^itions, it 
was found that the same kind of body always went to the 
same pole. The metals, Infiammable substances m general, 
alkalies, earths, and the oxides of the common metals were 
jmiformly found at the negative wue, while oxygen, chlorine 
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and the acids were found at the positive pole. This led to 
a diTision of substances into JElectro^pesUivey and Electro ' 
negQiive<i a distroctioo, however, which is not found by later 
ezperiments, to accord with &cts. 

..^The transfer of chemical substances from one vessel to an- 
other was noticed by Sir H. Davy. This transfer may be 
shown by two wine glasses, (fig. 31.) 
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vy, was this : He conceived that the poles of the battery were 
centres of attraction to one element pf the compound, and of 
repulsion to the other ; henee when the two poles Were immer« 
sed in water, the oxygen of the water was attracted by the pos* 
itive, and repelled by the negative pole, while the hydrogen 
was repelled by the positive and attracted by the negative 
pole. The elements, thus acted upon by four forces, were 
separated and made to appear at their respective poles. . 

But this theory does not account for all the phenomena. 
If it were true,, we should expect decomposition to be effected 
by one pole alone, as it exerts the attractive and repellent in* 
fluence, but this is never the case. 

Mr. Fariday has lately revised this part of the subject, and 
not only added much that is new, but shown that many prin- 
ciples, especially the above theory, are erroneous. He con- 
tends that the poles have no attractive, or repulsive tendency, 
— but simply afford a path for the voltaic currents to enter 
the liquid. Instead of poles, he calls them electrodes* which 
means the way or door for electric currents, and may be air, 
water, metal or any other substance capable of conducting the 
currents to and from the substance to be decomposed. The 
point where the positive current enters the liquid, he calls, the 
anode^\ and that where it quits it, the cathode.^ 

When a compound is decomposed by galvanism, it is said 
to be electrofyzed,§ and substances capable df decomposition 
are called electrolytes ; the elements of an electrolyte are 
called ions\\. Anions are the ions which appear at the anode. 
Cations those that appear at the cathode. The anions are 
the electro-negative substances, such as oxygen, chlorine, 

■ * From ijXtxriior and 6dogf a way. 
t From aroc, uptoards, and 6$uff the way in w)iich the sun rtees. 

. X From xarof dovmwards, the way in which the nun sets. 
§ From tiXtxToov and ilvoi^ to unloose or set free, 
II From cor, going j neuter participle bfthe verb to go. 
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acid?) etc. ThQ. cations the electro-positive, such as hydrogeoy 
alkalies, metals, etc. 

The following are the principal results of Fariday^s investi- 
gations : 

1. All compounds, contrary to what has been hitherto sup- 
posed, are not electrolytes ; that is, are not directly decompo- 
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current of electricity actually passes through the compooiid ; 
that is, the compound must be a conductor of electricity. On 
thib principle many substances, by change of state, resist de- 
composition. Water is easily decomposed, but ice is not; 
many solid substances also, are not electrolytes^ because they 
are not conductors. Chemical compounds differ in the eke* 
tricai force required for their decomposition ; some require 
but a feeble ciurent, others a powerful one. 

9. The conduction of the electric currents in the cdb of « 
battery depends upon decomposition. If the zinc or the cop- 
per be attacked chemically by a substance which is simple or 
a Doo*conductor, no currents can be set in motion. 

10. Electro-chemical decompositbn is perfectly definite; 
that is, in the voltaic circle 32.3 , parts of zinc are dissolved 
during the the evolution of one part of hydrogen. This is in 
the ratio of theii^ chemical equivalents. The same is. true of 
all electrolytes. Hence Mr. Fariday has given to the quanti- 
ties of electricity, requisite tu effect the decomposilion of vari- 
ous substances, the name of tleciro-chemicnl equivulenis. This 
is a new and important discovery ; it seems to prove, that the 
cause of chemical combination or affinity, is electricity. 
Hence, in order to estimate the quantity of electricity circu- 
lating in a voltaic apparatus, it is only necessary to collect the 
gas evolved from the acidulated water during any given time. 

Theory of Electro-ckemical Decomposition. We have al- 
ready noticed the theory of I)avy, which supposes that all 
siidNstances are in one of two states of electricity, and that the 
poles bave an attractive and repulsive force ; but Mr. Pari* 
day has shown that thiai theory cannot be true. AH substan- 
ces are indifferent when by themselves, but assume one of the 
two states when brought in contact Only one substance is 
absolutely negative, oxygen, and but one absolutely positive, 
pciasium ; between these extremes, they may be made to as- 
sume either positive or negative states. To account for the 
decompoa^ion of water, we must coni^eive of a line of parti- 
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cles between the two electrodes, along which the current 
pdsses. When a particle of oxygen is evdyed at the positive 
electrode, its hydrogen b not transferred at once to the oppo- 
site electrode, but unites with the oxygen of the contiguous 
particle of water, on the side towards which the positive cur- 
rent is moving, then it passes to the next, and so on, until it 
arrives at the pole. A similar row of particles of oxygen start 
from the negative electrode at the same moment, and com- 
bine successively with the particles of hydrogen as they pass 
them on their way to the positive pole or electrode.* It is 
supposed that other compounds are decomposed by a similar 
process. 

Magnetic effects of Electricity ^ or Electro-Magnetism, -r 
History, It had been noticed for a long time that when a 
ship, for example, was struck with lightning, the magnetic 
needle often had its poles destroyed or reversed, and that the 
iron often became magnetic. This led to the supposition, that 
electricity might be employed to communicate the magnetic 
properties to iron or steel ; but no results of importance were 
obtained until the winter of 1819, when Prof. Orestead of Co- 
penhagen made bis famous discovery, which forms the basis 
of a new and very important branch of science. 

The discovery made by Orestead was, that the metallic 
wire, or any part of a closed voltaic circle, causes a magnetic 
needle, when brought near it, to deviate from its natural posi- 
tion, and assume position^ depending upon the relative posi- 
tion of the needle and the wire. 

Thus, suppose a magnetic needle freely suspended with its 
poles pointing north and south : — 1. If now afpositive current 
pass from north to south in the same plane with the needle, 
but a little above it, the north pole will turn to the east, and 
the south pole to the west 2. If the current pass under the 
needle, the north pole moves west, and the south east. 3. If 

* The quantity of electricity sufficient to decompose a single grain 
of water would be equal to a powerful flash of lightning. 

8 
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tho current pass on the west side of the needle, and in the 
same horizontal plane, the magnet will have a tendency to 
move in a veitical direction, the north pole being elevated, and 
the south depressed. 4. If the current pass on the east side, 
tlie north pole is depressed, and the south elevated. 5. If the _ 
current flow from south to north, the needle will move in op- 
posite directions. The deflection is rarely 45^, in consequence 
of the magnetism of the earth, but if that force is counterac- 
ted, as it may be, by suspending two magnets near each other 
of equal power, with their poles reversed, the declination will 
be 90** ; hence the tendency of a magnetic needle is to stand - — 
at right angles to an electric current, -^" 

If the wire be placed in a plane, perpendicular to the one 
in w))ich the magnet moves, and the positive current ascends 
or descends to the centre of the needle, no action will take 
place ; but if it be moved towards the north or south poles, 
they will be attracted, or repelled. Hence the plane in which •^ 
a needle moves is always perpendicular to that in which the 
voltaic currents circulate* 

The phenomena of Electro-Dynamic action result wholly 
from electricity in motion, and depend upon quantity alone ; 
hence a few large plates are best fitted for exhibiting it.* 

From the above facts it will be seen, that the magnetic nee- 
dle may be employed, not only to ascertain the existence and 
direction of voltaic currents, but also to measure their force. 
The instruments used for these purposes are called Galvcm- 
ometers or Multipliers. 

As it is proved l^ experiment that every part pf a wire in 
a closed circuit exerts an equal force upon the poles of a nee- 
dle, if we can increase the number of points, the combined 
force will be greatly increased. This can be done by coiling 
the wire into the form of a circle or rectangle ; each coil will 
exert its own force, independent of its neighbor, and the uni- 

* The fimple battery, fig. 27. p. 74, is best fitted for experiments on 
this sabjeet. The exciting liquid should be a solution of sulphate of 
copper. 
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ted force will depend IHg, 33. 

upon the number of ^ ^^ 
coils. Thus (fig. 33), ^ ^ 



of a copper wire bent 



of a copper wire Dent n ~\^ 

in the form of a rec- ^ r ^ y s| 

tanerle. in the centre ^ ^.. ! ^ 



X 



NP are the two ends Y n Vir ^ ^ 

tangle, in the centre 
of which, and in a 
plane perpendicular 
to the plane of the 
wire, is placed a mag- 
netic needle — this constitutes the Electro-Magnetic MuUipU- 
er of Schweigger. By increasing the number of coils, the de- 
flection of the needle will be much greater. A graduated cir- 
cular plate measures the degree of declination, which indicates 
the quantity of electricity circulating along the wires. It will 
be seen, that if the positive current pass above the needle from 
north to south, that is, from P to a, and then pass around the 
south pole from A to B, there will be dpuble the effect pro- 
duced. If the directive power of the needle be destroyed, it 
.will stand at right angles to the direction of the currents ; or 
if at the moment it has attained this point, the currents bersent 
in an opposite direction, it will perform a revolution. Thus, 
by changing the direction of the currents, a needle may be 
made to revolve rapidly. 

If the magnet is fixed, and the rectangle suspended free to 
move, it will exhibit the same phenomena while the voltaic 
currents are passing around it. The Revolving Rectangle ^ 
is constructed on this principle. 

MM (fig. 34.) is a permanent horse-shoe magnet ; C a rec- 
tangulai* coil of copper wife, connected at each end to an axis, 
by which means it may be made to revolve ; ZP are two cups 
'' to form a connection with the poles of a battery ; the wires 
hb are connected with the cups, and priess on opposite sides 
of the cylindrical metallic pole-changer, which revolves be- 
tween them. The pole-changer consists of two pieces of cop^ 
per or steel, with a small space called a breaks between them ; 
one of these pifeces is connected with one end of the wire of 
the rectangle, and the other piece with the other end ; a is an 
arch of brass to support the rectangle and the wires. Jf the 
two cups be connected with the battery, P with the positive, 
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Fig. 34. 



and Z with the negative pole, the positive current will pass 
along the wire h next to N, and from the wire to one side of 
the pole-changer, and thence several times around the rectan- 
gle to the wire 6 next to S. 

When the positive current is passing from P around this 
rectangle, one side is impelled towards one pole of the mag- 
net, and the other towards the other pole. When the sides 
arrive in the plane of the poles, they 'acquire sufficient force 
to pass hy^ and complete half a revolution, standing again at 
right angles to the poles of the magnet : at this point the pole- 
changer sends the currents in opposite directions, and the 
revolution is continued. Reverse the current, hy changing 
the battery wires, and the rectangle will revolve in an oppo- 
site direction. 

^Tke influence of voltaic currents on soft iron and steel was 
noticed by Davy and Arago about the same time. If an iron 



Digitized 



by Google 



Electro-Magnetism. 89 

or steel needle be suspended in the galvanometer instead of 
the common needle, at right angles to the conducting wires, 
permanent magnetism will be communicated to the steel, and 
the iron will become powerfully magnetic, as long as the cur- 
rents circulate ; but will lose this property when the circuit is 
broken. Davy succeeded in producing a similar effect by a 
discharge from a common electric battery. 

This effect can be exhibited in the ^ff' ^^' 

most satisfactory manner by coiling 
an insulated copper wire in the form \ 
of a helix d (fig. 35.), and connecting 
the two ends of the wire bb with the 
cups CZ, into which the poles of a bat- n 
tery may be inserted. Bars of soft 
iron or steel placed in the coil, will 
become magnetized the instant the 
voltaic currents circulate around the 
coil. If the positive current flows from 
Z around the helix, n will be the north 
pole, and s the south pole. If it flow from C, the poles will 
be reversed. 

If a bar of soft iron ^'^' ^' 

(fig. 36.) be wound with 
copper wire from c to a 
in one direction, and from 
aio d in an opposite di- 
rection, and currents of 
electricity passed around 
the bar,by connecting the 
wires b e with a voltaic 
battery, the bar will have 
three poles ; c and d will _ 

be similar poles, and a 

an opposite pole common to the other two, as may be shown 
by bringing a magnetic needle near each. By changing the 
direction of the battery currents, the jpoles are reversed ; hence 
the kind of pole depends upon the direction of the voltaic cuv" 
rents. 

8* 
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Although soft iron does not retain its 
magnetism, yet its magnetic properties 
wfiile the voltaic currents are passing 
around it, are truly surprising. 

If a soft iron cylinder two inches in di- 
ameter, and bent in the form of a horse- 
shoe magnet D (fig. 37.), be wound with 
copper wire, and the ends BC connected 
with the battery, it will be converted into 
a powerful magnet. On applying the 
armature A, it will sustain several hun- 
dred pounds. Magnets of this description, 
may be made to sustain from 200 to 2000 
lbs. It will be seen that the principle is 
the same as in the helix* 

The Magic Circle^ with two iron ar- 
matures, acts also on the same principle. 

r (fig. 38.) is a coil of insulated copper 
wire ; ab the two ends which may be con- 
nected with the battery. When the two 
armatures are brought into contact, one of 
them passing through the ring, they adhere 
to each other very strongly, and although 
they weigh less than % lb., they will sustain 
a weight of 50 lbs. without separation. The 
voltaic currents not only communicate mag- 
netism to the iron and steel placed in the 
ring, but the helix itself becomes magnetic 
while transmitting the currents, as is pro- 
ved by its attracting iron filings. These 
and other fects, developed by voltaic cur- 
rents passing in circles, seem to prove the identity of the mag- 
netic and electric fluids. 

Vibrating Magic Circle* MM (^g. 39.) is an elect ro-mag- 
net, which rriay be used instead of a permanent magnet ; c a 
coil of coarse wire suspended from the post S ; one end of the 
wire a dips into the cup c, which is connected with the ppstS, 
and which also communicates with p ; the other end of the 
wire d is connected with the other cup, which is insulated from 
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the post S, and 
into which also 
one of the poles 
of the battery 
may be immer- 
sed; connect the 
other pole of the 
battery with ;?, 
and a current of 
electricity will 
pass along the 
post S to the cup 
e ; as the wire a < 
dips into it, the ^ 
current will pass 
down the wire 6 around the coil c, and then up the wire d to 
the other cup ; as the currents circulate, the coil will be at- 
tracted to the pole of the magnet M ; this will lift a and break 
the circuit, and the coil will fall back beside the post S ; a 
win again be immersed in e, and the coil be again attracted 
upon M. Thus vibrations are produced as long as the cur- 
rents circulate- 

VoUa-Ehctric Induction, The fact that an electrk^lly 
excited body induced electricity in other bodies brought near it 
(page 69), led Faraday to inquire whether electricity in motion 
would not have the same effect This fact he soon established* 

If a Copper wire be wound around a block of wood so as to 
form a helix, and the ^ds cormected with a battery, and then 
another wire be wound around this, but insulated from it, and 
the ends connected with a galvanometer, currents of electrici- 
ty will be induced in the insulated wire, as often as the batte- 
ry current is broken. All the effects of galvanism may be 
produced by the insulated wire. This phenomena is called 
.^YoUa-Electric Induction. 

If a bundle of soft iron wires be placed in the coil, the ef- 
fect will be greatly increased. This may be illustrated by the 
following apparatus : 

h (fig. 40.) is a hollow coil of coarse wire fixed upon a 
stand Z ; one end of the wire is connected with the cup, and 



Digitized 



by Google 



92 



VoUc'EUctric Induction* 
Fig. 40. 




the other whh the steel break* piece, which is fixed to the stand 
by the side of the coil ; a is a coil of fine wire, which may be 
placed over the coil b ; d'vs a bundle of wires which may be 
slipped into the copper case c, and placed in the cejaXre of the 
coil b. 

Fig. 41. 
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Fig. 41 represents this apparatus entire. Ezp. Connect one 
pole of the lottery with the cup a, and move the other along the 
hreak-piece, vivid sparks will be produced. Exp, Remove 
from the wires d the copper case c, and insert it gradually in 
the coil while the currents are circulating, and the sparks will 
increase by degrees till it reaches the bottom, when the great- 
est effect will be produced. Exp, If the handles e/, which 
communicate with the coil o be held in the hands, powerful 
shocks will be felt as the wire passes across the break-piece, 
and these will be diminished by removing the wires. Exp* 
If the copper case be placed upon the wires^ the effect will be 
the same as when the wires are not inserted. A single wire 
will increase the power of the shocks, and by increasing the 
number of wires, the sparks will increase in brilliancy, and 
the shocks will become more and more powerful ; hence it is 
called an Apparatus for the Analysis of shocks and sparks, 

^^- Magneto- Electric Induction, The inducing power of the 
magnet greatly exceeds that of voltaic currents. 

Fig. 42. 



The apparatus best fitted to exhibit this effect, is the Mag- 
neto-Electric Machine (fig. 42.), which consists of a perma- 
nent horse-shoe magnet. SN supported by pillars upon the 
stand Z, and an armature g wound with copper wire, and 
made to revolve upon an axis Cj near the poles of the magnet, 
by means of the wheel A ; one end of the wire is soldered to 
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the axis, by which meaos it is connected with a break-piece, 
against which the wire e presses ; the other end of the wire is 
soldered to a silver ferule a, insulated from the axis against 
which the wire b presses ; the wires e h communicate with the 
two cups into which the wires pit are inserted. When the 
armature is set in motion by the multiplying- wheel A, its mag- 
netic state is continually changing. When the two extremi- 
ties of the armature are midway between the poles of the 
magnet, the armature is neutral. As they advance towards 
the poles, they acquire a gradually increasing polarity until 
they are opposite the poles, and gradually diminish as they 
pass the poles until they are midway again between the poles, 
when the armature becomes neutral as before. By this revo- 
lution, a current of electricity will be induced in the wire 
which^surrounds the armature, and will pass from the break- 
piece to the ferule, by means of the wire which connects 
them ; excepting, when the end of the wire is passing across 
the break-piece, then there will be induced in the wire a se- 
condary current, which passes by sparks at each point of in- 
terruption. By pressing the hands, previously moistened, 
upon the handles connected with p n, powerful shocks will be 
felt at each interruption. 

The electricity thus induced produces effects precisely sim- 
ilar to those from the voltaic battery. The phenomena of 
electricity, thus produced, is sometimes called MagnetO'Elec*^ 
tricity* 

Theory of Electro-Magntiism and Magneto-Electricity, 
— In order to understand the theory of M. Ampere, by which 
the phenomena of electro- magnetism and magneto-electricity 
may be best explained, it is only necessary to keep in view 
the following principle, which lies at the basis of the theory^ 

When two positive or two negative currents are passing in 

the same direction and parallel, they attract, and when pasS' 

ing in opposite directions, they repel each other, 

*.^. If now we suppose that all magnetic bodies, and the earth 

itself among the number, derive their magnetic properties 

* The best apparatus for experiments upon Electro-Magnetism and 
Magneto-Electricity, is manufactured by Daniel Davis, Jr. No. 11 
Cornhill, Boston. 
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from currents of electricity circulatiag in reference to their 
axis in one uniform direction of revolution, we can account 
for all the phenomena of Magnetism, Eiectro-Magnetism and 
Magneto-EleQtricity, 

Fig. 43. 



To make this view clear. Suppose that 
around the cylinder of steel (fig. 43.), at right 
angles to the axis, currents of positive electri- 
city are constantly circulating in a direction op- 
posite to that in which the sun moves. The 
cylinder will be a magnet, it the north pole, 
and S the south pole, and if it be poised upon a 
pivot, it will differ in nothing but in form from 
a magnetic needle. 



Application of the Theory, 1. The reason that the nee- 
dle turns to the east when the positive current passes above 
it from north to south is, that then the currents in the magnet, 
and those in the wire, will move in the same direction. 

2. When the positive current passes under the needle, it 
moves to the west, because then also the two positive currents 
coincide. 

3. When it passes on either side in the same . horizontal 
plane, it tends to a vertical motion, for the same reason as 
above ; but if the positive current passes from north to south, 
the phenomena are all reversed. 

4. When it passes around the poles in a vertical plane, in 
the same direction in which the sun appears to move, the nee- 
dle will perform one half a revolution, because the currents 
move in opposite directions,^ and the needle revolves so that 
the currents in it may coincide with those in the conducting 
wire. 

5. Steel and soft iron become magnetic when placed in the 
helix around which currents of electricity circulate, because 
similar currents are induced in them. 
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6. If we supfpose positive currents of electricity to be pass- 
ing around the earth in the same direction in which the sun 
appears to move, they would convert it into a magnet, the 
north pole of the earth corresponding to the south pole of the 
magnetic needle ; hence if soA iron or steel are placed in a 
north and south direction, they will become magnets by tV 
duction^ the positive currents passing from west to east, be- 
cause then they would coincide with the same currents in the 
earth which pass from east to west 

Thei-nKhEhctricity. Thermo-electric phenomena result 
from currents of electricity excited in metals by heat. The 
existence of these currents was first demonstrated in 18S1 by 
Seebeck. 

If a magnet be suspended in a rectangle formed of a bar of 
antimony or bismuth, having its extremities connected with 
copper wires, and heat applied to one end of the bar, the nee- 
dle will be deflected in one direction, and in an opposite di- 
rection when heat is applied to the other end. Similar effects 
are produced when either end is cooled below the natural 
temperature. Other metals treated in the same manner, ex- 
hibit similar phenomena, but bismuth and antimony are the 
best. Prof. Gumming has shown, that a rotary motion may 
be produced by placing platinum and silver wires, soldered 
together in a circular form upon a magnet, and applying heat. 

Nature of Electricity. Some suppose that there is no 
transfer of anything in what are called electric currents, but 
a process of induction passing progressively along among the 
molecules of a conductor. Others ascribe them to waves of 
vibrating matter, just as the phenomena of light, and caloric 
are explained, by the undulatory theory. 
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PART 11. 
CHEMICAL AFFINITY. 



In all those phenomena, which appropriately come under 
the observation of the chemist, chemical affinity is the great 
cause to which they are referred. Other agents, as light, 
heat, electricity, cohesion, etc. modify its action, and some 
knowledge of them is therefore an essential preparation for 
the study of this, — the great subject of chemistry. The de- 
tails, to which we shall attend in the examination of particu* 
lar substances, are, almost exclusively, but the effects of thia 
principle. The student, therefore, should be familiar with the 
circumstances which modify its action, its varieties or differ- 
ent modes of operation, its effects, and especially the laws io 
accordance with which these effects are produced. 

Chemical Affinity is an attraction^ which acts only at t«- 
sensible distances, between particles of different kinds.* Co- 
hesion is distinguished from it, by acting only between parti- 
cles of the same kind^ as well as by being governed by diffTer- 
ent laws. 

Varieties of Chemical Affinity, 
Although this power is the same^ in all cases, it will facili- 
tate the progress of the student to distinguish some of the dif- 

* A late writer (Griffin, Chemical Recreations) maintains that 
there is no such thing as chemical affinity, because we know merely 
that bodies combine. We might as well deny that any force or pow- 
er exists because we see only its effects. From the fact that bodies 
do combine, we infer that some power causes them to combine, al- 
though indeed we know nothing of it except in its effects. 

9 
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fereDt cases io which it operates. Between many substances 
it does not exist at all, as is seen in mixing oil and water. 
The most simple case is the direct union of two substances, 
as when oxygen gas and iron unite, and form iron rust This 
is called Simple Affinity. The combination of alcohol with 
camphor is another example. 

Exp, But if water be added to this solution of camphor, 
the alcohol will combine with the water, and desert the cam- 
phor, which again appears free, or is technically said to be 
precipitated. As the alcohol appears to choose the water in 
preference to camphor, such cases are called examples of 
single elective affinity.* 

But in other cases, two compounds mutually decompose 
each other, and form two new compounds. 

Exp, Thus, if carbonate of ammoqia and hydrochlorate 
of lime be mingled, each will be decomposed. The former 
consisting of carbonic acid and ammonia, and the latter of 
hydrochloric acid and lime, the carbonic acid will unite with 
the lime, and the hydrochloric acid with the ammonia, form- 
ing carbonate of lime, and hydrochlorate of ammonia. This 
change may be very easily understood from the annexed for- 
mula, in which the symbols are used.t 

C + Am. 
C abandons Am. and goes to Ca. — at the 
same time HCl abandons Ca. and goes to Am. 
and the results are C-f-Ca. and HCl-j-Am. 

HCl + Ci. 
Such cases are examples of double elective affinity^ Ca- 

* EUctive .Affinity is the basis of chemical science, for if each sub- 
stance attracted every other with the same force, when combination 
had once been effected, the decomposition of many, if not of most 
substances, would be impossible ; hence there would be but few 
chancres in matter which would come under the investigation of th« 
chemist. 

t (j ss Carbonic acid, and Am.=Ammonia ; HCl=Hydrochloria 
acid, and Ca.=:Lime. 

t Sinsde and double elective Affinity are the same in principle. Th« 
•nlj dinerence is, that in the one case, a compound is decomposed by 
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868 are more numerous, however, in which the changes are 
much more complicated. 

Circumstances which modify, the operation of ChemiccU 
Affinity. 

That one substance has a stronger affinity for some than for 
others cannot be doubted. But combination and decompo- 
sition do not always depend upon the relative force of affinity 
alone. Several circumstances modify the operation of this 
power. These are cohesion, elasticity, quantity of matter, 
gravity and the imponderable agents. 

Cohesion, In order that substances should combine with 
each other, it is nec6^3ary that their particles should be in con- 
tact. But cohesion holds together the particles of each sub- 
stance, so that they cannot be freely intermingled. Cohesion 
must, therefore, be desftroyed to facilitate chemical action. 
This may be efiected in three ways : 

1. By reducing the substance to powder. 

Exp. Take two equal portions of chalk, and pulverize one ; 
pour dilute sulphuric acid on each, and the action will be ra- 
pid in the case of the pulverized chalk, but moderate in the 
other case. In this experiment one of the substances is in so- 
lution, and usually it will be found insufficient to pulverize 
both substances, and resort must be had to the second method. 

2. By solution. Exp. Mix together tartaric acid and car- 
bonate of soda ; no action will follow ; pour on water, and 
they will l?e dissolved, and a violent action ensue. 

Solution is efrected,when a solid is put into a liquid, and en>- 
tirely disappears, leaving the liquor clear. The body which 
thus disappears is said to be soluble ; the liquid is called a sol- 
vent^ and the compound liquor a solution. Water is the prin- 
cipal solvent ; alcohol, ether, oils, alkalies, and acids are also 
employed. When water, or any solvent has dissolved as 

a third substance, and but two affinities are in operation, while in the 
other, two compounds mutually decompose each other, and four afiin> 
iiies are brought into action. 
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much of any substance as it can, it is said to be saturated, 
and the solution is called a saturated solution. Solution 
should not be confounded with difiusion, which is mere me- 
chanical mixture. This distinction may be seen by mixing 
magnesia in water. The particles of magnesia are suspend- 
ed at first in the water, rendering it turbid, and they would 
soon subside to the bottom ; but if nitric acid be added, the 
magnesia will be dissolved, and the water will become clear. 

Most substances are more soluble in hot than in cold wa- 
ter ; as a hot saturated solution cools, the water will not there- 
fore be able to hold in solution all of the substance which bad 
been dissolved, and it appears again in a solid state. The 
power of cohesion has the ascendancy over the affinity of the 
liquid for the solid, and forms the latter into crystals. Hence 
the phenomena of crystallization are owing to the ascendan- 
cy of cohesion over affinity. 

By evaporation, also, the solid may be recovered from so- 
lution. In either case, the crystallization is often confused, es- 
pecially when th^ process is rapid. 

Insolubility has been found to exert a remarkable influ- 
ence on affidity, in t}ie case of an alkali with two acids, or an 
acid with two alkalies, one of which will form with the alka- 
li a soluble, and the other, an insoluble compound. The one 
yrhich is insoluble is always formed in preference to the solu- 
ble compound. 

Exp, Thus if nitric and sulphuric acids and baryta be 
thrown together in water, sulphate of baryta, which is insobt* 
hle^ will be formed in preference to nitrate of baryta, which is 
soluble. 

It is obvious that while the solution of one of the substances 
is usually necessary, the solution of both will further facilitate 
the action. 

3. By heat. Fusion is the reduction of a solid to a liquid 
stjite by caloric, and facilitates chemical action by enabling 
the particles to intermingle, and come within the sphere of 
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each other's affinity. In liquids a slight degree of cohesiott 
i^mains, and hence heat is applied to them with, advantage. 
A hot liquid will act more powerfully upon a solid than the 
same liquid when cold. 

Elasticity. Cohesion, as we have seen, opposes chemical 
action by keeping the particles out of the sphere <>f each 
other's influence. Elasticity, or the gaseous state, is still more 
unfavorable to the operation of affinity, because the particles 
are removed too far from each other to be attracted ; hence 
most gases, though possessing a strong attraction for each 
other, will not combine unless they are in the nascent state, 
that isr when in the act of assuming the gaseous form. 

In this way elasticity not only prevents chemical union, boi 
it favors decomposition. When two highly elastic gases com« 
bine, forming a liquid or solid, the compound will be decom- 
posed by a very slight cause — the chloride of nitrogen is a fa- 
miliar example. It is an oily liquid composed of two gases. 
A slight elevation of temperature livill cause instant decom- 
position, even with explosive violence. Generally all com- 
pounds which contain a volatile principle are easily decomposed 
by a high temperature. Hence caloric sometimes favors 
chemical action by destroying cohesion^ while at others it pre- 
mnts it^ andfiwars decomposition by promoting elasticity. 

There are tome gases, however, which readily combine at a 
high temperature, as in. the case ofgaseaus e%plosiv€ mixtures. 
Oxygen and hydrogen gases require the heat of flame to ef- 
fect their union. The caloric in such cases, according to Bef* 
thdlet, expands the gases in immediate contact with the flame, 
which acts as a violent condensing force to contiguous per* 
tions, and brings them within the sphere of each other's attme- 
tion. The same explanation is applied to the combination of 
gases eflTected by passing electric shocks through them. 

Quantity of matter. Oxygen combines with lead in three 
proportions, forming three distinct compounds. The peroxide, 
or that whksh has the greatest quantity of oxygen, is easily de« 
9» 
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composed by heat ; the second compound, in which there Is 
less oxygen, requires a higher temperature to eflect decompo- 
sition ; and the third, which has the least oxygen, will sustain 
the heat of our furnaces without yielding up its oxygen. 

Generally, when one substance combines with another in 
several proportions, the affinity is stronger ki the case of the 
less than of the greater portions.* 

On this principle also, when a salt is dissolved in water, the 
first portions are dissolved more rapidly than the last, and the 
force of affinity diminishes up to the point of saturation,' when 
it is overcome by the cohesion of the solid. 

This principle led Berthollet to account for all chemical 
changes without the aid of affinity, tlie existence of which he 
was disposed to deny, but M. Dulong has found that the prin- 
ciple of Berthollet is not in accordance with the results of ex- 
periment. 

Gravity. The influence of gravity on chemical action is 
seen when substances of diflTerent specific gravities combine. 
As when two liquids are put together, the heavier liquid will 
sink to the bottom ; or when salt is dissolved in water, the salt 
will remain at the bottom, and prevent the particles of water 
from coming into contact with those of the salt. 

Imponderable agents. The influence of caloric over chem- 
ical phenomena has already been alluded to. It favors chem- 
ical action in the case of solids, by destroying cohesion, and 
opposes^ chemical action in the case of gases, by increasing 
their elasticity. The influen(;e of light has already been no- 
ticed. Common electricity is often employed for the combi- 
nation of gases, and galvanism for decompositions, but the 
same eflTects may be produced by either. 

* In ccmsequence of the influence of qaantity of matter over chem* 
ical changes, the chemist generally employs more of one substance, 
than is necessary, to effect the decomposition of another. 
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Measure of Affinity. 
Since some substances have a stronger affinity than others, 
attempts have been made to measure its different degrees of 
force. It was once supposed that its relative strength could 
be ascertained by the order of decomposition, as may be ex- 
plained from the following table : 

Sulphuric acid. 
Baryta, Lime, 

Strontia, Ammonia, 

Potassa, Magnesia. 

Soda, 

If to the sulphuric acid, united with the magnesia, forming 
the sulphate of magnesia, ammonia be added, the acid will 
leave the magnesia, and elect the ammonia, forming the sul- 
phate of ammonia. If to this, lime be added, the acid will 
desert the ammonia, and unite with the lime ; this again will 
be decomposed by the soda, and so ^on to baryta. Hence 
sulphuric acid has the strongest affinity for the baryta,* and 
the force is in the order in which the several substances are 
arranged ; hence the practical chemist, when he wishes to 
decompose any compound, is enabled to decide upon the sub- 
stance which will produce that effect. 

But the circumstances which modify the action of chemical 
affinity are so numerous, that the order of decomposition is 
not, in every case, the measure of affinity. To determine the 
relative force of affinity in doubtful cases, observe the tenden- 
cy of several substances to unite with the same, under the 
same circumstances ; and then notice the apparent facility of 
decomposition when these compounds are exposed to the sam« 
decomposing agent. 

Effects of Affinity. 
The changes which acxjompany the action of affinity, are 
changes of chemical properties, of color, form, tempcraturci 
and speciftc gravity. 
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I. Change of chemical properties. It is ohe of ihe raost re- 
markable facts in chemistry, that when two bodies combine 
chemically, the compound is generally possessed of properties 
entirely different from those of the components. 

Exp. 1. Pour sulphuric acid upon magnesia, and the com- 
pound will be Epsom salts, entirely unlike either. 

Exp. 2. Burn oxygen and hydrogen gases, and water will be 
formed, which is wholly different from either of its constituents. 

There are some cases in which affinity produces com- 
pounds without much change of properties, as in the case of 
solution, but the force of affinity in such cases Is very feeble. 

Exp. Salt dissolved in water, and camphor in alcohol, are 
instances. 

II. Change of color is often the effect of affinity. ^ 

Exp. 1. To the chloride of calcium, add nitrate of silver, 
both in solution; a white precipitate will be formed, which is 
the chloride of silver. (See page 62.) 

Exp. 2. To a solution of nitrate of lead, add a few drops of 
hydriodic acid, and a beautiful yellow pigment will be formed. 

Exp, 3. Into an infusion of purple cabbage, pour a few drops 
of any alkali, and the color will become green ; add an acid 
gradually, drop by drop, and the purple color will.be restored ; 
add a few drops more of acid, and it will become red. By 
the gradual addition of the alkali, the effects may now be re- 
versed. 

IIL Change of form frequently accompanies chemical com- 
bination. 

Exp. 1. Take oxygen and hydrogen gases, and explode 
ihem ; they will form a liquid, water ; hence chemical affinity 
converts gases into liquids. 

Exp. 2. If the two 
gases, ammonia and the 
hydrochloric acid, be 
brought together in their 
nascent state, i. e. at the 
moment of their forma- 
tion, they will produce 
the solid hydrochlorate 
of ammonia. Hence, 
chemical affinity con. 
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rerts gases into solids. The two gases may be formed by 
putting hydrochlorate of ammonia and lime in one retort, 
(fig. 44.) and liquid hydrochloric acid in the other, and apply- 
ing heat ; as the gases meet in the glass receiver 6, they will 
combine and form a white solid. 

Exp, 3. Take chloride of calcium in solution, and pour in 
sulphuric acid ; a solid precipitate the sulphate of lime will 
be thrown down. Hence affinity converts liquids into solids. 

Exp, A. Into a solution of pearlash or saleratus, pour sul- 
phuric acid, and a ponion of the liquid is convened into the 
form of a gas, which escapes with effervescence. Hence, 
affinity converts liquids into gases. 

Exp. 5. Mix two solids, the nitrate of ammonia, and sul- 
phate of soda ; on rubbing them in a mortar, they will be- 
come liquid. Hence chemjcal affinity converts solids into li- 
quids. 

Exp, 6. Explode gun-powder, it will be converted into gas. 
Hence chemical affinity converts solids into gases. 

IV. Change of temperature. The heat arising from the com- 
bustion of fuel, is owing to chemical action. 

Exp, Wet a piece of paper with spirits of turpentine and 
sulpuric acid, and then throw on a few grains of chlorate of 
potassa ; the paper will instantly be in flames. 

V. Change of specific gravity. In changes of gases into 
liquids or solids, or of the latter Jnto the former, there is, of 
course, a great change of density. But where there is no 
change of form, there is usually more or less of this change. 

Exp, Mix 100 measures of strong sulphuric acid with 100 
of water, and the mixture will be less than 200 measures. 

Laws of Chemical Affinity, 
The laws which regulate the action of affinity, constitute 
the most important part of the whole subject, for they are the 
foundation of modern chemistry. As they are expressed 
mathematically, they have consequently imparted to it a high 
degree of accuracy, and greatly elevated its rank as a science. 
Most substances have been found to combine in definite propor- 
tions, and with such, the laws of affinity are chiefly concern- 
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cd ; but there are numerous cases of apparently indefinite pro- 
portions, which first demand a separate consideration. 

I. Indefinite proportions, Ot these there are two cases, 
in the first of which, any quantity of one substance may be 
combined with any quantity of another. Thus a drop of al- 
cohol will combine with a quart of water, or a drop of wa- 
ter with a quart of alcohol. In the second case, the propor- 
tions are indefinite within certain limits. Thus with 2^ lbs. 
of water, a pound or any less quantity of common salt will 
combine, but if a larger quantity of salt be employed, all the 
excess above a pound will remain undissolved. The limit to 
the process is the point of saturation. (See page 99. ) 

The most common instances of indefinite proportions are 
solutions, where the proportions are indefinite below the point 
of saturation. Instances of unlimited indefinite proportions 
are less numerous. It is Important to observe in these cases, 
that the force of afiUnity is usually feeble and the change of 
properties slight. Thus in the common liquors, the properties 
of the alcohol are slightly modified by its combination with wa- 
ter, and in solutions there is also little change. 

II. Definite proportions hy weight. In the most numerous 
and interesting cases of chemical combination, a certain por- 
tion of one substance unites with one, two, three, or more 
times a given weight of another. These cases are usually 
characterized by a greater energy of combination, and a-much 
greater change of properties than those which have been de- 
scribed. The great law of definite proportions by weight 
may be thus expressed : 

The proportions f in which substances combine, may be ex- 

pressed by fixed numbers, or by the multiples of these numbers. 

The following table is an illustration. 

Water is composed of Hydrogen 1 part + Oxygen 8 parti. 

Binoxide of Hydrogen " " 1 «' _j_ " 16 " 

Protoxide of Nitrogen « Nitrogen 14 " + « 8 " 

Binoxide « « « 14 « -|- « 16 " 

Hyponitrous acid " " 14 " + « JW " 

Nitrons acid " " 14 « -j- "32 « 

Nitric acid « «* 14 « -f " 40 « 
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A comparison of all the cases shows that hydrogen enters 
into combination in less quantity relatively than any other 
substance. It is therefore taken for a standard of comparison, 
and in the above table appears as unity. The lowest ratio in 
which oxygen combines with other substances is eight times 
that of hydrogen. The lowest combining ratio of nitrogen 
is fourteen. If any simple substance does not combine with 
hydrogen, its lowest combining ratio may be ascertained from 
its combination with any other substance, whose ratio has been 
determined. Thus from the above table the combining ratio 
of nitrogen is seen in its compounds with oxygen, whose ratio 
was ascertained in its compounds with hydrogen. The low- 
est combinifig ratio is also called an equivalent, or propor- 
tional. 

Inspection of the above table will show, that while eight is 
the lowest combining ratio of oxygen, it combines also in the 
ratio of 16, 24, 32, and 40 parjLs ; that is, two, three, four and 
five times the lowest ratio, agreeably to the above-mentioned 
law. 

There are some cases in which substances do not unite with 
one equivalent of one, to one, two, or more equivalents of an- 
other, but apparently of one to one and a half. Such an irreg- 
ularity conforms to the general law on the supposition that 
two of the former unite with three of the latter. In some 
cases also two equivalents of one substance unite with five of 
another. 

The law of definite proportions by weight may be thus il- 
lustrated algebraically. If x and y be the equivalents of any 
two substances, their compounds must be x+y* ^+^ y» 2:-|-3y, 
ir-(-4y, etc. ; sometimes we shall have 2 aj+Sy, and rarely 
2x+5y. 

It is evident from the above that the equivalent of any 
compound is the sum of the equivalents of its constituents, each 
being multiplied by the number of times it enters into the com- 
bination. Thus in the above table the equivalent of water is 
l-|-8=9, of nitric acid, 14+40=54, etc. 
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The second law of definite proportions is the following : 

Every substance has its constitution invariable* Thus ni* 
trie acid is always composed of one equivalent of nitrogen and 
five of oxygen. No other substances, and no other number 
of equivalents of these, by combination can form nitric acid. 

The laws of definite proportions were discovered by Dr. 
Dalton, an eminent English chemist. The application of them 
in the arts is of immense importance. In the manufacture of 
compounds, they teach precisely what proportions of the in* 
gredients should be used. If these are expensive, an excess 
of one would be a serious loss. 

III. Definite proportions by volume. The principal law of 
definite proportions by volume is precisely similar ta that of 
definite proportions by weight, the parts being determined by 
measure as in the former case by weight. This law holds 
true only in the case of gases and vapors. It is supposed that 
substances, which have not yet })een made to assume the form 
of a gas or vapor, would conform to thi» law, if they should 
assume such form. The law may be illustrated by the follow- 
ing table. 

100 vols, carbonic acid gas combine with 100 of ammoniacal gas. 

« ft it t< 200 '' 

« fluoboric " " 100 " 

ti ti u ' « 200 *' 

But there are two laws of definite proportions by volume, 
which do not hold true in definite proportions by weight The 
first is that a simple ratio exists between the volumes of 
diflferent constituents in the same compound. This may be 
seen in the above table. 

The second law is, that in combination, gases and vapors 
are condensed by a portion, which is in a simple ratio to the 
volume of one of the constituents. 

The laws of definite proportion by weight and by volume 
are not inconsistent with each other, for the specific gravity 
always bears such a relation to the combining ratio by volume 
as to establish their harmony. Thus hydrogen and oxygen 
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combine in the ratio of two of the former to one of the lattsr 
by volume, and of one to eight by weight But as oxygen it / ^ 
sixteen times heavier than hydrogen, one volume of it is eight j 
times as heavy as two of the latter. ( In other words, the com. 
pound ratio of the specific gravity and of the et|uivalents by \ 
volume, is equal to the ratio of the equivalents by weight. ) 

Atomic Theory. 

Existence of Atoms. The atomic theory supposes matter 
to be composed of minute, indivisible atoms. Hypothetically, 
matter is infinitely divisible, that is, to Almighty power; but 
in fact it is not infinitely divided. Sir Isaac Newton regarded 
it as probable, ^^ that the primitive paiticles, being solids, are 
incomparably harder than any porous bodies compounded of 
them, even so very hard as never to wear, or break in pieces ; 
no ordinary power being able to divide what God himself made 
one in the first creation." 

Theory of definite proportions by weight. When substan- 
ces combine in their lowest equivalents, they unite atom to 
atom ; in higher proportions, one atom of one to two, three, 
or more atoms of the other. This theory exactly accounts for 
the facts of definite proportions ; for if in one compound we 
have one atom of A joined to one of B, and in another one of 
A joined to two d[ B through the whole mass, the sum total 
of B in the latter case will be exactly tw^ice as much as in the 
former case. 

Atomic weight. If in a compound of one grain of hydro- 
gen with eight of oxygen there be an equal number of atoms 
of each, an atom of the latter will be eight times as heavy as 
an atom of the former. In this way we know the relative 
weights of the atoms of all substances, whose equivalents are 
known. As the numbers are the same, the terms are oAen 
interchanged. 

The absolute weighty and m^ittVudie of atoms cannot be de- 
10 
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tennined. Dr. Thompson cslcalates that a cubic inch of lead 
contains more than 883,492,000,000 atom3. 

The shape of atoms is matter of hypothesis. They are 
generally supposed to be spheroidal. 

Cause of Chemical Affinity. 
The cause of affinity is probably electricity. In those cases 
where the electrical state of substances can be ascertained, 
they are always found to be oppositely electrified, when com- 
bination takes place. Voltaic electricity is the most powerful 
decomposing agent, and the whole phenomena of electro- 
chemical decomposition seems to prove the identity of affini- 
ty and electricity. This view accords best with the simplici* 
ty everywhere observed in the laws of nature. By ascribing 
the phenomena of electricity, galvanism, magnetism, and 
chemical affinity to the same agent, we seem to be progress- 
ing in the chain of causation nearer to the great and ultimate 
cause, the agency of God. Some suppose, that what we call 
the agents, and laws of nature, have no real existence as dis- 
tinct powers. They deny the agency of second causes^ and 
ascribe every operation of nature to the immediate power of 
God. Others suppose that there are real agents or causes de- 
pendent upon God ; but possessed of power in themselves, to 
act as second causes^ or subordinate agents, in the various phe- 
nomena of matter. Whichever view we take, we must in the 
end refer the ultimate cause to the impulse of the Divine will ; 
although for the mere purposes of scientific classification, 
something perhaps is gained by the introduction of second 
causes. 
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Specific Gravity means the relative weight of different 
substances, compared with some standard. In the case of 
solids and liquids, the weight of the body is compared with 
water as unity ; L e. if a given quantity of water by measure 
be weighed, and that weight represented by one, the weight 
of an equal quantity by measure of any other substance is 
compared with it In the case of gases, air is taken for the 
standard of comparison, or for unity, and an equal quantity 
of any other gas is weighed, and compared with iU 

There are several methods of ascer- JFY^. 45. 

taining the specific gravities of bodies. 
One of the best, if the body is a solid, is 
to weigh it in the air, and then in water, 
in a manner represented jn fig. 45. If 
the body weighs 100 grains in the air, and 
60 grains in w^ter, then to ascertain its 
specific gravity, institute the following 
proportion : as 100—60, or 40 : 100 : : 1 : 
2.5 ; hence the sp. gr. of the body is 2.5, 
or two and a half times as heavy as wa- 
ter. If the solid is lighter than water, sus- 
pend to it a body heavier than water, whose specific gravity 
IS known, and then weigh it as in the first instance. 

To ascertain the specific gravity of liquids, the Areometer 
is a convenient instrument. It consists of a tube a (fig. 46.) 
graduated with numbers, upon the end of which are two balls, 
the lower filled with mercury. If the instrument sink in 
distilled water to 1, it will sink below that mark in liquids 
which are lighter than water, and will remain above it in those 
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which are heavier. The specific gravity of each Fig. 46. 
liquid is thus ascertained by the numbers on the 
scale. The specific gravity of liquids is also as- 
certained by the use of a small bottle containing 
just 100 grains of water ; by filling it with any 
other liquid, its weight will express directly its spe- 
cific gravity. 

The specific gravity of gases is more difficult ; 
a given portion of air is carefully weighed for uni- 
ty, and the weight of an equal quantity of any other gas is 
compared with it. 

Nomenclature, 

The stttdy of particular substances has been greatly facili- 
tated by the introduction of the nomenclature. By the use of 
systematic names, expressive of the constitution of substances, 
the recollection of the name will call to mind the constitution, 
while on the other hand, if there be any difficulty in remem- 
bering names, the constitution will at once show what the name 
must be. Hence, although compounds are very numerous, 
the student can have no difficulty in remembering their names 
and constitution, for the one necessarily suggests the other. 

The present nomenclature was introduced in 1787 by the 
French chemists. Since that time it has undergone but a 
few slight changes. The former nomenclature, if such the 
entire want of ^stem could be called, was barbarous in the 
extreme ; fancifi^ names were introduced, and of^en many 
such were attached to the same substance. 

Simple Substances, The names of fiuch elementary sub- 
stances as bad long been known, remain unaltered, as of gold, 
iron, etc. Those which have been discovered within the pe- 
riod of modem chemistry, have received names expressive of 
some obvious property ; thus, the name oxygen signifies a 
generator of acids ; iodine, violet-colored, from the beautiful 
color of its vapor ; chlorine, green, from the color of the gas. 
The following are the names of the simple substances with 
their symbols annexed : 
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Ozy^n, O. 

Chlorine, Cl.^ 

Iodine, I.' 

Bromine, Br. 

Fluorine, F. 

Hydrogen, H. 

Nitrogen, N. 

Carbon, C. 

Sulphur, S. 

Phosphorus, P. 

Boron, B. 

Silicon, iSi. 

Selenium, Se. 

Potassium (Kalium), K. 

Sodium (Natrium), Na. 

Lithium, L. 

Barium, Ba. 

Strontium, Sr. 

Cdcium, Ca. 

Magnesium, M^: 

Aluminium, Al. 

Glncinnm, G. 

Yttrium, Y. 

Thorium, Tb. 

Zirconium, Zr. 

Manganese, Mn. 

Iron-(Ferrum), Fe. 

Zinc, Zn. 



Cadmium, Cd. 

Tin (Stannum), Sn. 

Cobalt, Co. 

Nickel, Ni. 

Arsenic, As. 

Chromium, Cr. 

Vanadium, V . 

Molybdenum, Mo. 

Tungsten (Wolfram), W. 
Columbium (Tantalum), Ta. 

Antimony (Stibium), Sb. 

Uranium, U. 

Cerium, Ce. 

Bismuth, Bi. 

Titanium, Ti. 

Tellurium, Te. 

Copper (Cuprum), Cu. 

Lead (Plumbum), Pb. 
Mercury (Hydrargyrum), Hg. 

Silver (Argentum), Ag. 

Gold (Aurum), Au. 

Platinum, PI. 

Palladium, Pd. 

Rhodium, R. 

Osmium, Os. 

Iridium, Ir. 
Latanium. 



Add Compounds. The names of acid compounds have a 
peculiar construction. All the acids formed by combination 
— of oxygen with other substances, including a great majority of 
the whole number, take the name of the other substance, 
(which is called the 6a5e,) changing its termination. If there 
be two oxygen acids formed with the same substance, the 
stronger, which contains more oxygen, takes the tormina- 
— ^tion »e, and the weaker, ous. In the case of more numerous 

acid compounds, the prefix hypo^ signifies inferiority, as in 

the following of oxygen with sulphur, beginning with the 
stronger, and proceedmg to the weaker : 



Sulphuric acid, 
Hyposulphuric tcid, 



Sulphurous acid, 
Hypo0ulphurou0 aeid. 



Sometimes the prefix per is used to indicate an additional, 
' but indefinite quantity of oxygen. Thus, perchloric add con- . 
tains more oxygen than chloric add. 
10» 
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___Acids, which do not contain oxygen, receive names which 
are compounded of the names of their constituents, the first 
enunciated terminating in o, and the last in ic ; as chloro- 
carbonic acid. OAen the first is shortened, as fluo-boric in- 
stead of fluro-boric ; this is the case with the hydrogen acids ; 
as hydrochloric acid, hydrosulphuric acid. 

Primary Compounds which are not acids. In such com- 
pounds the names are composed of the names of their con- 
stituents. In the compounds of oxygen, chlorine, iodine, bro- 
mine, and fluorine, with other substances, they are first enun- 
ciated and receive the termination ide; as oxide of iron, 
chloride of iron, iodide of mercury, bromide of carbon, fluor- 
ide of zinc. In their compounds with each other, the order 
of enunciation is not essential, although it is commonly that, in 
which they are above mentioned ; thus we may say chloride 
of bromine, or bromide of chlorine, but the former is more 
common. 

(Compounds of the other non-metallic substances with each 
other and with the metals, receive names of similar construc- 
tion, except that the termination uret takes the place of td« ; as 
carburet of iron, bicarburet of hydrogen, sulphurel of arsenic. 

In many cases, one substance unites with another in several 
proportions, and the compounds arc designated by numeral 
prefixes, proto the first, hi (formerly deuto was used) the sec- 
ond, ter the third, guadro the fourth, etc., and per the highest 
degree, but indefinite ; sesqui signifies one and a half. If, 
however, the last terminated substance or base, be in two or 
more proportions, the dividing prefixes di^ tri, etc. are used ; 
subsequi indicates one and a half of -the base. 

The following table exhibits all the cases of thd use of nu- 
meral prefixes : 

Triphosphuret of Coppier = 1 eqoiv. Photphoroff and 3 eqotv. Copper. 

JNnoxide ol Copper = I " Oxygen and 9 " Cupper. 

8abMsqaipbo«pharetofCoppar=s 1 ** Photpborni and 1 1-3 Copper. 

Protoxide of Copper =1 « Oxygen and I «« Copper. 

Seiqaioxideof BianganeM = 1 1-9 Oxygen and 1 " Manganese. 

Binox ide of Manganese =2 *» Oxygen and 1 " Manganese. 

Teriodi'teorNitrogpn =3 * Iodine and 1 ** Nitrogen. 

Qaadrochloride of Nitrogen, =4 ** Chlorine and 1 " Nitrogen. 
Peroxide of Iron =s Iron oxidated in the bigbaat degree. 
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Many metals, whose names terminate in um, merely change 
turn or um info a to indicate the state of protoxide. Thus po* 
tassa = protoxide of potassium, lithia = protoxide of lithium, 
etc. The protoxide of calcium has long been known by the 
name of lime. 

Alloys, or compounds of metals with each other, not being 
yet reduced to the laws of definite proportions, have no sys« 
tematic names. 

Some primary compounds, whose combinations are anaIo« 
gous to those of simple substances, receive simple names, 
which in composition receive the termination uret^ and follow 
the rules above given. These are ammonia and cyanogen. 
Another primary compound, water ^ forms compounds which 
are called ht/drates^as hydrate of lime* 

Secondary compounds^ or saits. These are formed by the 
combination of acids with other primary compounds, which 
are called, in reference to them, bases. The name of a salt 
is composed of the nannes of the acid and base. If the name 
of the acid have a termination tc, it is changed into ate ; ous 
-48 changed into ite. Numeral prefixes are used according to 
the rules which have been given, as in the following examples. 

Dinitrate of the protoxide of lead = 1 en. Nitric acid and 2 eq. protoxide of leail. 
Protonitrate of mercury =1'* " nod 1 " " of mercury, 

Sesquisiilpbateof potassa = 1 1-3 Sulphuric acid & I *' potagsa. 

Bisulphateof peroxide of Sfereury= 3 eq. *^ and 1 " perox. of mercury. 

Tersulphate of alumina = 3 '^ . ** and I " alumina. 

— As the acids never unite with the metals directly, but gen- 
erally with their oxides, and sometimes other compounds, in 
the case of the oi^ides, the name is abbreviated : thus, by pro- 
tonitrate of mercury, is always understood protonitrate of the 
protoxide of mercury. Also, the prefix proto is often under- 
stood, and we say, nitrate of mercury. 

There are many secondary compounds, little known how- 
ever except to the chemist, called sulphur salts, and haloid salts, 
whose nomenclature follows the rules of primary compound* 
which are not acid. 
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Notwithstanding the great advantages of the chemical no- 
menclature, a much greater help is given to the student in the 
notation. By this, as in Algebra, long and intricate processes 
are exhibited to the eye at a glance, and the relations of the 
constituents in complicated compounds easily comprehended. 
Each element is represented by a symbol consisting of its ini- 
tial, or in the case of two or more which have the same ini- 
tial, of the initial and one of the following letters, as on page 
116, where the symbols of all the elementary substances are 
given. In the case of potassium, sodium, tin, iron, and several 
others, the symbols are derived from the Latin names. 

The symbols of compounds are composed of the symbols 
of their constituents, algebraically connected ; as Fe-f-Cl, 
chloride of iron. In primary compounds the sign -^ is often 
omitted. Coefficients are used to show the number of equiv- 
alents, as N-|-4Cl, quadrochloride of nitrogen ; or if several 
symbols are written together without the sign -|-, an index is 
substituted for the coefficient, because the coefficient multi- 
plies all which come between it and the next sign. Thus the 
symbol of the substance last mentioned may be written, NCl^. 

Cyanogen, ammonia, and water, although compounds, have 
simple symbols like the elements ; thus we have Cy, Am, and 
Aq (Aqua), instead of NC^, WN, and HO. 

The symbols of oxygen and sulphur are abbreviated. The 
symbols for the compounds of oxygen, are written thus: 

N for N+50, N for N+40, N for N+30, etc., each dot 
indicating an equivalent of oxygen. A comma is used in the 

same manner for the compounds of sulphur, thus P for PS. 
In place of the coefficient 2, a dash is often drawn through or 
beneath the symbol. This is very convenient in the case of 
half equivalents ; as Mn, signifying 2Mn-^30, that is Mn-{- 
1^0, sesquioxide of manganese. In compounds of complica- 
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ted constitution, it is often necessary to multiply several terms 
by one number, or to connect them as a whole to another 
term. This is done as in algebra, by the use of vincula or 
parentheses ; thus (K-j-2S)-|-Aq, shows that Aq is combined 
with K-|-2S, as with one substance ; but if the parentheses 
were omitted, thus K-|-2S-|-Aq, the symbol would indicate a 
combination of three distinct substances, each one with the 
other. Also in 2(K-|-2S), the first coefficient belongs to what 
is within the parentheses as to one substance. 

If the student will, for practice, explain the constitution and 
give the names of the compounds in the annexed table, he will 
become familiar with the rules of nomenclature and notation. 

The following table contains the names, equivalents, and 
symbols of the thirteen non-metallic elements, and the sym- 
bols of their compounds with each other, in the order in which 
they are described : 

symbol O. 

CI, Cl-f O, CI4-4O, Cl+SO, C1+70. 
I, 1-J-50, I+70, 3CI4.I. 
Br, Br-f-50 or BrO*. 
F. 

C H, H+O or fl, H^laO or H, H+CI, 
\ H+I, H+Br, H+F or HF. 

NO or N, NO« or N, N0» or N, NCH 
NO^orN," NC1SNP,NH». 

{C, C, C, C4-CI, C^Cls, C«C1, CCI3, C+ 
CI, CH«, C2H«, C^HS C«H3, C«H^ 
CI0H4, C»H«, C«>H8, HCy, CyO, 
CyH)«H», CyCl, CyCl«, HCyS«, CyS», 
H«CyS«. 
,, C S, SO2, S03, SO», SO», S«C1, SCI, HS, 
^ HS«, CS«. 

,, c p, p»o, psQ, p*o», PH)*, p«a», ph;i», 

{ PI, P«i3, PBr, P«Br», W?K 
« B, B4.3O, B+3C1, B-I-3F. 
,, C Se, Se+0 or Se. Se+20 or Se, Se+SO 

I or Se". • 
*• Si, Si-f O, SiCl, SiBr, SiS, SiF. 



Oxygen, 


equiv. 8 sy 


Chlorine, 


<( 


:J5.42 


Iodine, 


tt 


126.3 


Bronime, 


tt 


78 


Fluorine, 


tt 


18.68 


Hydrogen 


it 


1 


Nitrogen, 


tt 


14.15 



CN, NO 
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<])arbon, 



6.12 



Sulphur, « 16.1 



Phosphorus, " 


15.7 


Boron, " 


109 


Seleniam, ** 


39.0 


Silicon, " 
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118 Chemical Substances,^ Oxygen, 

CHAPTER I. 
CHEMICAL SUBSTANCES. 

These substances will be arranged in three classes of non- 
metallic elements, and their primary compounds, with each 
other ; metals with their primary compounds, and secondary 
compounds, or salts. 

Class I. Non-metallic elements and their primary com- 
pounds with each other. 

* 
Sect. 1. Oxygen. 

History, Oxygen was discovered by Dr. Priestly of Eng- 
land, August,^ 1774, by exposing the red oxide of mercury to 
the solar focus. It was also discovered by Scheele, a Swed- 
ish chemist, in 1795, and the same year by Lavoisier of Paris, 
neither being acquainted with the discovery by the others. 
The honor of the discovery, as is usual in such cases, is as- 
cribed to Priestly, who called it dephlogisticated air ; Scheele 
gave it the name of empyreal air^ Condorcet, vital air^ and 
Lavoisier, oxygen. This name was suggested from the be- 
lief that it was the only acidifying principle in nature. It is 
derived from two Greek words,* signifying a generator of 
acids. It has since been found, however, that although pre- 
sent in most acids, it is not the only substance capable of form- 
ing acid compounds. But as a great majority of acids are 
oxygen acids, the name is not inappropriate. 

Natural History, Oxygen is the most abundant substance 

known. It forms \ of the atmosphere, f part of water. By 

far the greater part of the solid crust of the earth is composed 

of oxydized substances, and jt will not be far from the truth, if 

* 6ivf and ^crrow. 
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we estimate oxygen to constitute f of all the matter with which 
we are acquainted.* 

Processes. Oxygen can easily be obtained from the ox- 
ides of metals, and from some of the salts. The oxides of 
manganese and of lead, and the chlorate of potassa, are roost 
commonly used. 

The separation is effected by exposing these substances to 
a red heat, in an iron retort, connected by a pipe with the 
pneumatic cistern. 

For the collection of gases which are not absorbed by wa- 
ter, the Pneumatic Cistern is generally employed. 

It consists of an ob- ^* 

long box C (fig. 47.), 
made water tight ; bb 
two shelves to sup- 
port receivers, as r ; 
w a well filled with 
water, across which 
a board is placed, al- 
so to support receiv- 
ers, with small holes 
to let the gas through 

as it comes from the retort, which is placed over the side of 
the box. The shelves 66 may be made for gasometers^ or 
gas-holders^ and in that case they are boxes open at the bot- 
tom of the cistern, with stop-cocks passing through one corn- 
er in the top of each. These are made air tight by a lining 
of sheet lead. When they are filled with water, the gas is 
introduced by means of a lead pipe through an aperture in the 
side of each, near the bottom ; as it rises up it displaces the 
water ; / is a lamp-stand and retort, as it is connected with 
the cistern.t 

* If we suppose the sun and planets with the stellanr systems to be 
composed of matter similar to oar earth, the quantity of oxygen which 
actually exists, must be immeasurably great. 

t The cistern may be made of wood, or copper which is the best, 
of any convenient dimensions. One five feet long, twenty inches 
wide and twenty inches in height is sufficiently large for common 
purposes. 
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Theory, To understand the theory of the process by man- 
ganese, it is necessary to notice the composition of its three 
oxides. 

Manganese. Oxygen, 

Protoxide, 27.7 or 1 equiv. + 8 or 1 equiy. = 35.7 
Sesquioxide, 27.7 «< -|-12orli "* =39.7 

Peroxide, 27.7 " -f 16 or 2 " =43.7 

The oxygen may be separated from the binoxide in two 
ways. 

1. By simply exposing it to a red heat. In this case the 
binoxide parts with ^ equiv. of oxygen, and is converted into 
sesquioxide. 1 oz. of manganese will yield 128 cubic inches 
of oxygen. 

2. By putting it in fine powder into a glass flask with an 
equal weight of concentrated sulphuric acid, and heating the 
mixture by a spirit lamp, the manganese parts with one equiv. 
of oxygen, and the sulphate of the protoxide of manganese re- 
mains. About twice the quantity of gas is obtained by this 
process, 1 oz. yielding 256 cubic inches of gas. But the for- 
mer method is most convenient in practice. 

For these processes, the manganese should be previously as- 
certained to be free from carbonate of lime, which yields car- 
carbonic acid gas on being heated. "* Oxygen obtained in this 
way is not quite pure, but is sufficiently good for all purposes 
of experiment. The gas obtained from chlorate of potassa is 
much purer, but more expensive. 

It may be easily obtained by subjecting the salt to a dull 
red heat in a green or white glass flask, made without lead, or 
in an iron retort. It first becomes liquid, and is then resolved 
into oxygen and chloride of pbtassium. 

The chlorate of potassa is composed of chloric acid and po- 
tassa, and the theory of the process may be thus explained : 
K0+CL05, are resolved into K+CL, which remains in the 
flask, and 6 equiv. of oxygen, which are collected over the 

* It may be freed from carbonate df linoe by. washing it in diluta 
hydrochloric acid. 
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cistern. One ounce of chlorate of potassa will give about 
640 cubic inches of oxygen. 

Physical Properties. Oxygen is transparent, colorless, 
tasteless, and inodorous. In the simple state, it always exisis 
in the form of a gas. It cannot be condensed to a liquid or 
a solid, by pressure or cold. It refracts light, the least of all 
other substances ; is a non-conductor of electricity ; is the on- 
ly substance whose electric state is absolutely negative ; and 
of course it always goes to the positive pole in the galvanic 
circuit. Its specific gravity is 1.1026 ; consequently, 100 cu- 
bic inches, when the thermometer is at 60° Far, and the ba- 
rometer at 30 inches, will weigh 34.1872 grains. It is a little 
heavier than atmospheric air. 

Chemical Properties. Oxygen possesses^ more extensive 
powers of combination than any other substance. It may be 
made to combine with all the simple substances. For acids, 
and alkalies it has little affinity, because these substances 
have already received their proportion of it. Some of its 
combinations with the metals, and with combustibles, are very 
energetic. 

Ezp. Let down a pendant candle into a jar of Pig. 48. 
the gas (fig. 48.), and it will burn with great bril- 
liancy. 

Exp. Blow out a candle leaving a red wick, 
and let it down intoa jar of the gas, when it will 
be relighted with a slight explosion. This pro- 
cess may be repeated several times in rapid suc- 
cession with the same jar of gas. 

Exp. If a bit of lighted phosphorus, in a cap- 
sule, be immersed in this gAs (fig. 49.), it will 
burn with great energy, and intense brilliancy. 
Substitute for the phosphorus a small ball 
formed of turnings of zinc, in which a small 
bit of phosphorus is enclosed, and set fire to the 
phosphorus as before^ The zinc will be in- 
flamed, and burn with a beautiful "white light. 
Metallic arsenic, moistened with spirits of turpentine, and va- 
rious other metals, in fine powder, may be burned in a similar 
11 
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manner. Homberg's pyrophortB flashes spontaneously like 
inflamed gun-powder. 

Exp, If iron wire, with a small lighted match Fig, 50. 
attached to one end, be let down into a tubula- 
ted bell glass of oxygen, it will burn rapidly, and if 
a watch-spring be used (fig. 50.), the bell glass 
will be filled with beautiful slar-shaped scintilla- 
tions. 

Exp. Or, let a stream of oxygen upon ignited 
charcoal, upon which is placed the end of a watch 
spring;, it will bum with great brilliancy, and 
throw out immense numbers of the star-^iaped scintillations. 

In these experiments^ the oxygen combines with the com- 
bustible substance, and forms a compound, which being now 
oxidized, is incapable of further combustion. In case of the 
iron, an oxide is formed, the weight of which is exactly equal 
to that of the iron and the oxygen together.* 

The combination of oxygen with other substances, is can-_ 
ed oxygenation^ and if the compound be an oxide, oxidation.^ 
Oxygen is slightly absorbed by several substances ; 100 cub. 
inches of water absorb three or four cub. inches of the gas. 

The relation of oxygen t& animal life is very intimate and > 
important. It is the only substance which will for any length 
of time support respiration. No animal can live without it. If 
confined in gases destitute of oxygen, death is the certain' con- 
sequence. A few years i^nce, 148 persons were confined in 
a prison ealled * Black Hole' hi Calcutta for a night, and al- 

* In the case of combustion, the common opinion that the matter 
is destroyed, is erroneops. If the products are collected, they will 
be found equal in weiffht to the substaiices burned. It is a universal 
law that no particle oT matter is annihilated. 

t It has been customary with many to call oxygen, and some other 
kindred substances, " supporters of combustion," while the substance 
with which they combine are called combustibles. But the support- 
er of combustion bnd the combustibles are alike essential to the com- 
bustion, and both are consumed in the process. Indeed, if the latter 
be in excess, a portion of it will remain, while the former will be en- 
tirely consumed. Generally, the supporter of combustion, as it is 
called, is a gas which envelopes the combustible ; but there is no sci- 
ence dhitinctioxi. 
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though there were two windowa open in tb» vest end of the 
boildiogfOnly twentj^three were found alive in the moroing. 

Pure oxygen is generally destructire to animal life. Th($ 
animal confined in it Uve8 too fast ; breathing becomes difficult, 
and if it remain for any time, death will ensue* If the quiEu^ 
tity be small, it will support life^ longer than the same quan- 
tity of common air. A bird will live five or six times as long 
in a few gallons of oxygen as in tlie same quantity of confined 
air. In order to its most salutary effects, it should be diluted 
with nitrogen, as we find it in the atmosphere* The Creator 
has, in this respect, adapted it to the support of life, as aoy*- 
thing which destroys the relation thus established, renders it 
deleterious to the animal constitution. 

Uses, Oxygen has been used with good Jesuits in certain 
diseases, such as paralysis of the thorax, and general debility. 
lis efiect upon the blood is to change it from dark red to^a 
bright Vermillion. 

Sect. 2. Chlorine. 
q™k n\ p««:„ C By vol. 100. «« n. $ 2.47 Air =1. 

History, Chlorine was discovered by Scheele in 1774, and 
described under the name of dephlogisticattd marine acid. 
The French chemists called it oxygenized muriatic acidy after- 
wards contracted to oxy-muriatic acid. This name implied a 
theory of its composition, suggested by BerthoUet, that it was 
a compound of • muriatic acid and oxygen.. Gay Lussac and 
Thenard, in 1809, first suggested that it might be a simple 
substance. Sir H. Davy, afier subjecting it to the most pow- 
erful decomposing agents, without in the least affecting its 
character, denied its compound nature, and maintained that, 
according to the true logic of chemistry, it should be regarded 
as a simple body. The views of Davy were for a long time 
combatted. Drs. Murray and Thompson in England, and 
BerthoUet, Gay Lussac, and Thenard in France, engaged 
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with great warmth in the controversy. Bqt the imroe ChIO' 
rine^ suggested hy Davy from a Greek yvor&^sigmf^ggreem^ 
not implying any theory as to its nature, came gradually into 
use, and the contest subsided. It is now universally regarded 
as a simple substance. 

The introduction of Chlorine into the class of simple bodies 
changed entirely the views of chemists relative to the theory of 
combustion. Previous to the discovery of oxygen, the Stah- 
lian theory of combustion was generally adopted. According 
to this theory, combustion was the escape from combustibles 
of a certain principle called phlogiston, which pervaded most 
bodies. Soon after the discovery of oxygen, Lavoisier made 
an attack upon the phlogistic, or Stahlian theory, and proved 
that combustion was produced by the union of oxygen with 
some combustible body^ But when ihe properties of chlorine 
were investigated, and it was viewed as a simple substance, 
it was found to produce all the phenomena of conibustion. 
Hence the theory of Lavoisier, that^ combustion was owing 
to the union of oxygen with a combustible was extended, and 
the phenomena of combustion are not referred to any more 
specific cause than intensity/ of chemical action. 

Natural History. Chlorine is one of the constituents of 
common salt, and therefore exists in the ocean in large quan- 
tity. Other compounds in the mineral kingdom are nume- 
rous. 

Process. It may be obtained in the form of a gas, by the 
action of hydrochloric acid upon the binoxide of manganese. 

Take the latter, finely powdered, in a retort, and pour on 
twice its weight of concentrated hydrochloric acid. Collect 
the gas over the cistern in inverted bottles containing warm 
water, or more conveniently, ov«r a small cistern of virarm 
water. The water should be raised to 70° or 80® Far., as cold 
water rapidly absorbs the gas. Apply a moderate heatr and 
when the bottles are filled, they should be stopped with ground 
glass stoppers smeared with tallow. 

Theory. In this process, the binoxide of manganese is de- 
composed into protoxide^ and oxygen. A part of the acid 



Digitized 



by Google 



Physical and Chemical Properties. 1 25 

combines with the protoxide, and . another is decomposed, its 
hydrogen uniting with the oxygen and forming water, and the 
chlorine is set free. In other words, the M nO^ and HCl 
are converted into MnO-|-HCl, and HO which remain in the 
retort, and CI which coipes over. 

The cheapest mode of obtaining chlorine is the following : 

Put eight ounces of common salt with three ounces of pul* 
verized peroxide of manganese, and five ounces of sulphuric 
acid diluted with equal weights of water, into a Florence flask 
or retort, and apply heat as before. The MnO®, Na+Cl, and 
2S03 are converted into MnO+SO^, NaO+SO^, and CI. 

Physical propertiiS' Chlorine^|;as is of a yellowish green 
color ; has an astringent taste, and a disagreeable odor ; is a 
non-conductor of electricity, and goes to the positive pole in 
the galvanic circuit. By the pressure of four atmospheres, 
or 60 lbs. to the square Inch, it is condensed into a yellow li- 
quid, and into a solid by the reduction of the temperature be- 
low 32^* 

Chemical properties. Chlorine unites with many substances 
with great energy, producing combustion ; but its range of af- 
finity is more limited than that of oxygen. 

Exp. If a small lighted taper be immersed in a jar of the 
gas, the taper will burn for a short time with a small red flame, 
evolving large quantities of smoke. 

E(ep, Into a tali glass vessel, filled with chlorine, throw 
finely pulverized antimony, which will burn as it falls through 
the gas. 

Exp. A ra^ wet with oil of turpentine, will instantly be in- 
flamed, when immersed in the gas. 

Several other metals and combustibles combine with chlo- 
rine with such energy, as to exhibit the phenomena of com- 
bustion. 

• Mr. Faraday succeeded in condentinff it in a bent tube, sealed 
hermetically. The pressure is produced by the accumulation of the 
gasevolved by the affinities between thermateriah in the short end 
of the tube. The experiment is attended with the hazard of breakingr 
the tube, and should not be attempted, unless the haiids and face are 
protected. 

11* 



Digitized 



by Google 



126! Cklafiru. 

Cklorme is readily absorbed by waier. Recently boiled 
water when cold absorbs twice its bulk, bort gives it (^wfaen 
heated. 

Exp, Into a jar furnished with a well-fitted glass stopper, 
and filled with cold water, let up chlorine gas enough to dis* 
place half the water; stop it tight, and ^uuce it, and most of 
the gas will be absorbed by the water. Open the jar under 
more cold water, which will rush into it to fill the vacuum oc- 
casioned by the absorption of the chlorine ; then repeat the 
process once or twice, and the water will be saturated with 
chlorine, and possess most of its properties. If the water in 
this experiment be at the temperature of 32° Far., the chlorine 
will form a definite solid compound with it, in yellow crystals, 
which will be seen on the sides of the jar. 

Chlorine forms with hydrogen, tf the vapor of water be pre- 
sent, a mixture which explodes violently when exposed to the 
direct rays of the sun, or even in a bright day without such 
exposure. 

This gas possesses remarkable bleaching properties. 

Exp. Immerse in tlie gas strips of calico, fiowers, etc. and 
they will be bleached in a short time ; or the saturated water 
may be used. 

Exp. Pour some of the saturated water into a small quanti* 
ty of ink, and the color will be discharged ; or put into it some 
writing, which will become invfeible, but will be restored if 
immersed in a solution of prus$iate of potassa. Printers^ ink 
will not be afiTected, and hence chlorine water may be used 
for removing blots from books. 

Chlorine is not an acid ; for it does not redden vegetable 
purples, and it combines directly in definite proportions with 
the metals, which is not true of any acid. It is not alkaline. 

Chlorine is very destructive to animal life. A few bubbles 
of gas, in the atmosphere of a room, will bring on coughing. 
Half a gill undiluted in the lungs would cause death. If di* 
luted largely with air, it irritates the throat and lungs, and if 
pure, destroys ^eir texture. Pelletier is said to have fallen a 
victim to its efiects. The antidote is ammonia. 
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Uses. T^e hkathmg properties of chlorine ate turned to 
great accotint in the art of Weaching^ Both the gas and the 
water saturated with it were employed as early as 1784-5 for 
bleaching cloths— but it proved injurious to the workmen. In 
1789y the gas was condensed in a solution of pearlashe$, and 
went by the name of^ Liquid ja»efh?^ -But this substance 
soon gave place to Mr. Tennant's preparation of the chloride 
of Hme, in 1798. Since that period, mosX of the Ueaching4>f 
colton and linen goods, has been effected by this substance. 
The articles to be bleached are first steeped in hot water, 
boiled in a weak alkali, and then immersed in a solution of 
the chloride olf Hme. They are next taken out, and wai$hed 
in water, — sometimes diluted sulphuric acid is applied to in- 
crease their whitene3s,-^and finally, they are boiled in pearl- 
ashes and soap, to render them free from the odor of chlorine. 
Chloride of soda, magnesia^ and potassa are sometimes used, 
but they are more expensive.* 

Theory. The theory of this process, perhaps, would be 
better understood after learning the composition of water, but 
it can be given here with a little explanation. Water is ne- 
cessary to the bleaching effects of chlorine. It is composed 
of oxygen and hydrc^n. The chlorine having a strong af- 
finity for the hydn^n, <lecomposes the water, and leaves the 
oxygen to combine with the coloring matter. The coloring 
matter may also contain hydrogen, and thus be directly de* 
composed by the chlorine. The coloring matter is rendered 
soluble by combination with oxygen, and is removed by the 
alkali. The process of bleaching by chlorine, is but one out 
of many useful contributions of science to art. 

Another use of chlorine arises from its disinfecting agen- 

* The advantages of this mode of bleaching, over the one formerly 
employed, are very great. By the old method, large fields in the vi- 
cinity of every manufactory were devoted to the purpose of spreading 
the xsioths. These fields are now devoted to agriculture. It requi- 
red also several weeks and even months to complete a process, which 
may now be performed in as many days. In th6 former case, they 
were dependent upon the light of the snn and fair weather ; in the 
latter, they are independent of the weather, and of th^e seasons of the 
year. 
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cy. It seizes hold of every species of animal and vegetable 
effluvia, and decomposes them. Hence its utility in conta- 
gious diseases. The chloride of lime is used for this purpose. 
Moisten the dry chloride with water, and place it in the infect* 
ed apartment, which will soon be purified. It is thus very 
useful for dissecting-rooms, for cleaning drains, sewers, vee> 
sets, and even the atmosphere, when charged with miasma. 
Its use in medicine is mostly confined to the purification of * 
apartments of the sick. The chloride of soda is, however, 
used in certain cases of inflammation, such as ulcers, morti* 
^cation, and cutaneous diseases. It is also used as a wash 
for the teeth.* 

Chhrine and Oxygen. 

The compounds of chlorine and oxygen are held together 
by very feeble afiinities, and are never met with in nature. 
They cannot be made to combine directly, unless they are in 
the nascent state, that is, at the instant of their formation. 

Hypochlorous acid. Symb. Cl+0 or CIO. Equiv. 35.42+ 
8=43.42. Sp. gr. 3.0212. It was discovered by H. Davy in 
1811, and c&Weo euchlorine from its being of a brighter color 
than chlorine. 

Preparation. Put two ptrts of the chlorate of Fig^b^, 

potassa and one of hydrochloric acid into a retort, 
and apply tlie heat of water under 20^° Far. Col- 
lect over mercury, or it may be more convenient- 
ly prepared for experiment by placing the mate- 
rials ih a flask a (fig. 51), connected by a fflass 
tube, bent twice at right angled, with a tall re- 
ceiver b. Apply heat as before j the gas being 
heavier than the air, will displace it, and fill the 
receiver. 

Theory. The hydrochloric acid, and the chlo- 
ric acid m the chlorate of pota'ssa mutually de- 
compose each other, and the results are water, and the hypochlorouB 
acid. 2 equiv. HCl, and one of itO-f-ClO*, are converted intoKO, 3 
Aq., and 3C10. 

• So many and ffreat are the advantages of cleanliness and pure 
air, that chloride oj lime should be kept in every family, especially in 
cities and large towns ; but an apartment in which it has been used, 
should be thoroughly ventilated oefore it is again occupied, or weak 
lungs may be seriously injared. 
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. If it be collected over m^^ury, the chlorine uaites with the 
meroury, and the acid remains in a pure state. 

Properties. Greenish yellow color,, more brilliant than 
chlorine ; odor like burned sugar ; absorbed rapidly by water, 
and gives to it an orange color ; bleaches vegetable substan- 
ces ; gives vegetable blues a red tint before destroying them ; 
does not unite with alkalies, and hence has been considered 
as a protoxide of chlorine ; highly explosive, the heat of the 
hand being sufficient oAeu to explode it. Many substances 
take fire in it spontaneously. 

Exp. A rag dipped in spirits of turpentine will kinrdlcv in it with a 
sliifht explosion. 

£xp. Phosphorus explodes in it spontaneously. Fifty measures 
of this gas, and eighty of hydrogen, form an explosive mixture. 

Chlorous acid. Symb. Cl-HO, or CICH. Equiv. 35.42 
-|-32=:67.42. Sp. gr. 2.3374. Discovered by Davy in 1815, 
and soon after by Count Stadion of Vienna, and has been 
heretofore described as peroxide of chlorine. 

Preparation. Make a paste of strong sulphuric acid and chlorate 
of potassa ; put it into a retort, and apply the heat of warm water un» 
der 212° Far. Collect over mercury, or as in fig. 51. 

Properties. Color, bright orange preen^ richer than the 
preceding compound ; aromatic odor ; is absorbed rapidly by 
water, and gives it its peculiar color ; bleaches powerfully, and 
is more explosive than hypochlorous acid. 

Exp. Put a bit of phosphorus into a wine glass filled with the gas. 
It will instantly .ignite with a slight explosion. 

Chloric acid. Symb. CI+50, or CIO^. Equiv. 35.42+40 
=75.42. It was first noticed by Mr. Cheoevix, and obtained 
in a separate state by Gay Lussac. 

Preparation. To a dilute solution of chlorate of baryta, add dilute 
sulphuric acid sufficient to combine with the baryta. Pure chloric 
acid will remain after the baryta subsides. 

Theory. The sulphuric acid has a stronger affinity for baryta 
than the chloric acid, with which it has combined, decomposes it, and 
leaves the chloric acid. 

Properties. Sour lo the taste ; reddens vegetable blue col- 
ors, but possesses no bleaching properties, by which it is distin* 
guished from the preceding compounds. It may be concentra* 
ted by gentle heat into an oily liquid of a yellow tint, emit- 
ting the odor of nitric acid. In this slate, ii sets fire to paper 
and dry organic matter, and converts alcohol into acetic acid. 
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Perehhme aeid. Syrob. Cl-f 70 or OC. Eaui?. 85.^ 
+56=91.42. Sp.gr. 1.65, water == 1. It was first descri- 
bed by CouQt Stiadion of Vienoa. 

It ma^ be obtained by heating a mixture of 1 part of water, 3 of 
sulphuric acid, and 5 of perch lor ate of potassa. At a temperature of 
284«», white vapors arise in the receiver wl^ich are soon condensed in» 
to t^ colorless liquid. By admixture with sulphuric acid, and distilla^ 
tion, it crystallizes in elongated pxisms. 

It is a very stable compound — absorbs moisture from tbe air 
powerfully, and boils at 392° Far. When thrown into water, 
It hisses like red hot iron. 



Sect. 3. Iodine. 

Sy.b.I. E<^W.S?/;J;1^;,. Sp.Gr.(^,:«^ Watery}: 

History. Iodine was discovered in 1812, by a manufactu- 
rer of salt-petre, M. Courtois of Paris. The substance in which 
it was first noticed, was the residual liquor after the prepara- 
tion of soda from the ashes of sea-weeds. This dark colorecf 
liquor possessed the peculiar property of powerfully corroding 
metallic vessels ; on the application of sulphuric acid, he no- 
ticed that it threw down a dark colored substance, which was 
converted into a violet-colored vapor on the application of heat. 
This attracted his attention, and he gave some of it to M. Cle- 
ment, who in 1813, described it as a new body. Gay Lussac 
and Davy soon after proved it to be a simple non-metallic sub- 
stance, analogous to chlorine. The name Iodine is derived 
from a Greek word,* significant of the beautiful violet-color of 
its vapor. 

J^atural History. Iodine exists in nature but in small quan- 
tities. It is found mostly in sea- weeds, in sponges, in the oys- 
ter and some other mollusca, in many salt and mineral springs, 
both in Europe and America. Vanquelin found it in com- 
bination with silver ; marine animals and plants derive it from 
sea- water. Most of the iodine of commerce is obtained from 
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the impure carbonate of soda, called hdp. Tbb is notlung but 
the ashes of sea-weed, great quantities of which are prepared 
on the shores of Scotland. Iodine exists in combination with 
sodium and potassium in the liquor which is lefl after the car- 
bonate of soda crystallizes. ^ 

Process, Iodine -may be obtained by lixiviating the pow- 
dered kelp in cold water. Evaporate the lye till the carbonate 
of soda crystallizes ; take the residual liquor, and evaporate it 
to dryness ; pour on to this ^ its weight of sulphuric acid ; it 
may then be put into a common retort, to which is attached a 
globe receiver, and the retort heated ; violet-colored fumes will 
soon arise and be condensed into the receiver, in the form of 
opaque crystals, of a metallic lustre. These are to be wash- 
ed in water, and dried on a filter of unglazed paper. 

Physical Properties. Iodine, at the common temperature, 
is a sof^, pliable, opaque solid, of a blueish black color, and 
of a metallic lustre. It is generally found in small crystalline 
scales, resembling micaceous iron ore, or the scales from a 
smithes forge. But it may be made to crystallize in large 
rhomboidal plates, whose primary form is a rhombic octohe- 
dron, by saturating hot alcohol, or hydriodic acid with it, and 
evaporating in the open air. It is very acrid to the taste, and 
has the odor of chlorine. Like O and CI, it is a non-con- 
ductor of electricity, and goes to the positive pole in the gal- 
vanic circuit. It acts as a powerful poison to the animal sys- 
tem. Fuses at 225**, and boils at 347° Far. If water be pre- 
sent, it volatilizes at the contmon temperature, and sublimes 
rapidly under 212**. The rich violet vapor of iodine is re- 
markably dense, more than eight times as heavy as air. One 
hundred cubic inches would weigh 269.8638 grs. 

Evp, Thfs vapor may be shown by putting a few grains of 
the iodine into a glass flask, and applying a gentle heat 

Chemical properties. Iodine has an extensive range of af- 
finity. Like chlorine it destroys vegetable colors, though in 
a less degree — ^and like oxygen, and chlorine, it unites direct- 
ly with the metals and .with non-metallic combustibles with 
great energy. 
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Exp, Drcf) a bit of phosphorus upon a few grains of iodine, 
contained in a wine-glass, and il will be instantly inflamed. 

The compounds thus formed resemble those of oxygen and 
chlorine. It has little affinity for metallic oxides. It is not in- 
flammable, but a supporter of combustion. The impondera* 
bles have no effect to change its character, and hence it is re- 
garded as a simple body. It is largely soluble in alcohol, and 
but sparingly soluble in water, requiring seven thousand fimes 
its weight of water for solution. 

Tests. Starch is a very delicate test of iodine. It gives 
to the solution a deep blue color. A liquid containing ^^q^^q^ y 
part of its weight of iodine, receives a blue tinge from a so- 
lution of starch. 

Iodine is sometimes adulterated with black lead. This may 
be detached by dissolving it in alcohol, when the lead will not 
be held in solution. 

Uses, Used in medicine in the form of a hydriodate of 
potassa, for certain glandular diseases. The goitre is a kind 
of wen growing from the neck, which is very common in 
Switzerland, in the treatment of which, iodine has been of 
great service. 

Its vapor is irritating to the lungs, and produces copious se- 
cretions in the eyes and nostrils. 

Iodine forms with oxygon three, perhaps four compounds : 

1. Oxide of Iodine, > r« •.• u 

2. lodous acid, ] Composuion unknown. 

a lodio add, 1 eq. I, 126.a-|-5 eq. O, 40 = 166.3 eq. 
Symb. 1+50 or lO^. 

4. Periodic acid, 1 eq. 1, 126.3+7 eq. 0, 56=182.3. Symb. 
1+70, or .107, 

The first two compounds, oxide of iodine and* iodous acid, 
are yet doubtful. The first is described by M. Sementini of 
Naples, and the second by Mitscherlich. The oxide is a yel- 
low solid, and the acid a similar liquid, but their properties 
have not been examined. 

Iodic acid was discovered by Davy and Gay Lussae about 
the same time. Davy who first obtained it in a pure state, 
culled it oxiodine. 
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Preparation. When iodine is broaght in contact with the hypochio- 
rous acid , two compounds are formed. The one is a volatile orange-col- 
ored substance, chloride of iodine, and the other a white solid, which 
is iodic acid. Apply heat to expel the chloride, and the iodic acid re- 
mains in a pure state. (See Turner, for other processed). In this 
state, it is anhydrous iodic acid, that is, destitute of water. 

Properties. It exists as a white semi-transparent crystal- 
line solid, of a strong astringent sour taste, and no odor ; 
fuses ai 500° Far., and is resolved into oxygen and iodine. 

It is soluble in water, with which it combines, and forms 
hydrous iodic acid. Deliquesces in moist air ; reddens vege- 
table blues, and finally destroys them. With charcoal, sul- 
phur, sugar and similar combustibles, it forms detonating mix- 
tures. 

PcriW/ci^aJ was^ discovered by Ammermuller, and Mag- 
nus, and is obtained from the periodate of silver, by adding 
cold water. It has decided acid properties, and is analogous 
in composition to perciiloric acid. 

Chloriodic acid was discovered by Davy and Gay Lussac. 
It may be formed by the direct union of chlorine and iodine. 
If the iodine is fully saturated with chlorine, it forms a yellow 
sotid ; but if the iodine is in excess, the color is a reddish 
orange. It is easily fused, and converted into vapor ; delique- 
sces in the air ; forms a colorless solution in water ; very sour 
to the taste ; reddens vegetable blues, and finally destroys 
them ; does not unite with alkalies, and hence has been con- 
sidered a chloride of iodine. 

Souberaine has lately distinguished a compound of 3 eq. of 
chlorine, and one of iodine. 

Sect. 4. Bromine. 

at,«,k n. !?««:„ C By vol. 100. ^^ >^, C 3. W*ater=l. 

Symb.Br. %«'v.| ./ ^^t. 78.4. ^- ^'- J 5.4017 Air =1. 

History, Bromine was discovered in 1826, by M. Balard, 
a young French chemist of Montpelier, who named it muride^ 
because obtained from the sea^ but in order to correspond 
with chlorine and iodine it was called bromine^ from a Greek 
word,* signifying rank odor. 

Natural History, It exists in nature in very small quan- 

* B^wftof, 

12 
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titles. It is fotind in sea-water, and marine plants, combined 
with sodium and magnesium. It is found in every sea whose 
waters have been tested for it, and in many mineral and salt 
springs. 

Process, It is obtained by passing a current of chlorine 
gas through the bittern of sea-water, and agitating the liquor 
with a portion of sulphuric ether. The ether dissolves the 
bromine, from which it receives a beautiful hyacinth red tint, 
and on standing, rises to the surface. Agitate this solution 
with caustic potassa, and the bromide of potassium, and bro- 
mate of potassa will be foritied. Evaporate the liquor and 
the bromide of potassium will be leA, from which the bromine 
may be distilled. 

Physical properties. Bromine at the common tempera- 
tures is a deep reddish brown-colored liquor^ of a disagreeable 
odor, and caustic taste ; and, like ox3^en, chlorine and iodine, 
is a non-conductor of electricity, and a negative electric ; boils' 
at 116.5° Far. and congeals at -4*' Far. into a brittle solid. 
It volatizes at the common temperature. 

Exp, This may be shown by pouring a few drops of the 
liquid into a glass flask ; it will soon be converted into a beau- 
tiful vapor, somewhat resembling the vapor of iodine, of great 
density. 

Chemical properties. Its chemical properties are very an- 
alogous to those of chlorine and iodine. It readily bleaches 
litmus paper, and discharges the blue color of indigo. A light- 
ed taper burns for a few moments in the vapor of bromine, 
with a flan)e, green at its base, and red at the top, and is then 
extinguished} 

It unites with great energy with many combustibles. 

Exp, Pour a few drops of bromine into a strong wine-glass, 
and then pour upon it tin or antimony, in fine powder^ from 
a glass fastened to the end of a long rod ; the metals will be 
iimtantly inflamed. If potassium be used, it will cause a vio- 
lent explosion. 

Bromine is soluble in water, alcohol and ether ; the latter 
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18 the best solvent With water at 92*' Far., it forms a hydrate^ 
in crystals of a fine red color* It gives to a solution of starch 
an orange color. Chlorine will displace it from all its combi* 
nations with hydrogen. It acts powerfully upon the animal ~ 
system, and is very poisonous ; a single drop upon the beak 
of a bird, destroys it instantly. 

Bromic acid^ symb. Br-f-50 or BrO^, equiv. 78.4-|-40= 
118.4, may be obtained by pouring sulphuric acid upon a di- 
lute solution of bromate of baryta, and evaporating the solution. 

Properties. It has scarcely any odor, acrid to the taste, 
though not corrosive. It first reddens litmus paper, and then 
destroys the color. 

Chloride of bromine may be foriped by traasmittingr a current of 
chlorine through bromine, and condensing the disengaged vapors by 
a freezing mixture. It is a volatile liquid, of a reddish yellow color, 
less brilli.ant than bromine. Its vapor is a deep yellow, taste very 
disagreeable, and odor penetrating, causing a discharge of tears from 
the eyes. Soluble in water which possesses bleaching properties. 

Bromides of iodine. Bromine and iodine unite and form two com- 
pounds. The proto-br&mid4 is a solid easily converted by heat into a 
reddish-brown vapor, which, on cooling, is condensed intocrvstalsof 
the same color, and of a form resembling fern leaves. By the addi- 
tion of bromine to these crystals, they are converted into a liquid, re- 
senU>ling a strong solution of iodine and hydriodic acid ; but the na- 
ture of it is not satisfactorily established. 

Sect. 5. Fluorine. 

Syn>b. F. Equiv. 18.68, eq. vol. 100. 

Fluorine is a name applied to a substance which has not 
as yet been obtained in a simple state. It is inferred from 
the nature of its compounds to be similar to oxygen, chlorine, 
bromine and iodine. It has a strong affinity for hydrogen, 
and the metals. 

Natural History, It exists abundantly in nature, in fiuor- 
spar combined with calcium, (fluoride of calcium). Baudri- 
mont is said to have obtained it, mixed with hydrofluoric and 
fluosilicic acid gases, by treating a mixture of fluoride of caK 
ciuro and peroxide of manganese with strong sulphuric acid. 
It appears to be a gaseous body, similar to chlorine. 
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Hydrogen. 



Sect. 6. Htdrogen. 

Symb.H. Equiir.J ,{^^^ 1. Sp. Gr. J j Hyd. = l. 



History. The Dame hydrogen is formed from two Greek 
words/ and means, a generator of water. It was known for 
many centuries, but was first distinctly described by Mr. Ca- 
vendish in 1776. Nine years previous. Dr. Black discovered 
carboniQ acid gas, which was the first gas discovered, except 
- the atmosphere, and hydrogen was the second. 

Natural History. Hydrogen is a very abundant substance. 
It forms ^ part by weight of water. Its chief repository there- 
fore is the oceans but is widely disseminated through the an- 
imal, vegetable and mineral kingdoms. It is the basis of most 
liquids. 

Processes. 1. Water is always employed for obtaining 
hydrogen. It b composed of oxygen and hydrogen, and the 
object IS to decompose it by presenting some substance, with 
which the oxygen will combine, and leave the hydrogen to 
escape in the form of a gas. Iron is such a substance, and 
will decompose the water slowly at common temperatures ; 
the oxygen combining with it, and forming the well known 
substance called iron-rust But if the temperature of the iron 
be raised to 1000° Far. and the vapor of water passed over it, 
it will decompose it more rapidly. For this purpose, clean iron 
turning, or bright 

iron wire are pla- ^»^. u^. 

ced in the centre of 
a gun-barrel C (fig. 
52. ), open at both 
ends, and passed 
through a furnace 
b. Into one end the 
vapor of water is 
made to pass from 
the retort a, and the 
other end is connected by a lead piper with, the pneumatic 
cistern. As the vapor passes over the iron, its oxygen com- 
bines with it, and its hydrogen passes over into the receiver A.f 

* vdwQ and yir>^cii. 

t If the water and the iron are weighed before the ezpcrimeat, and 
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2. It is more conveniently obtainecl, by putting small pie- 
ces of zinc,^ or iron turnings into a glass, or lead retort, and 
pouring on one part of siriphuric acid, diluted with four part» 
by weight of water, and collecting as above. 

_ ., Theory, In this process the oxygen of the water unites 
with the zinc, and forms oxide of zinc, which combines wit^ 
the acid, while the hydrogen of the water escapes. This was 
formerly supposed to be a case of what was called disposing 
affinity y in which the acid disposed the oxygen, and zinc to 
unite, that it might combine with the compound ; for it has no 
affinity for them separately. This is sufficiently absurd. The 
process commences with zinc and water alone, without the 
aid of the acid, and is immediately arrested by the formation 
of a coat of oxide of zinc, which protects the zinc from the 
action of the water. The acid dissolves away this coating of 
oxide as fast as formed, and thus the action of the metal and 
the water is uninterrupted. 

For every nine grains of water which are decomposed, one 
grain of hydrogen will be set free. Eight grains of oxygen 
will unite with twenty-eight of iron, forming thirty-six of the 
protoxide of iron. One oz. of iron will yield 782 cubic inches, 
and one oz. of zinc 676 cub. in. of hydrogen. 

Impurities. The hydrogen, obtained in these processes, is not 
quite pure. That from the iron contains a volatile oil, produced by 
the hydrogen and the carbon in tht» iron j this may be removed, by 
passing the gas through alcohol. When zinc is employed, (and it is 
generally preferred,) the impurities result from the sulphur which it 
generally contains — hydrosulphuric acid is formed, and there are also 
traces of metallic zinc and carburetted hydrogen. These, except the 
last, may be removed by passing the hydrogen through pure potassa. 
When hydrogen of great purity is required, distilled zinc should be 
used. 

-^-Physical properties, flydrogen gas is colorless, tasteless, 

the iron and the hydrogen after it, the increase in the weight of iron 
and the weight of the hydrogen are just equal to that ot the water. 
In this way the exact composition of water is determined analytically, 
and is found to be 8 parts of oxygen to 1 of hydrogen, and I vol. of 
the former to two of the latter. 

* The zine may be conveniently prepared by pooruiig a stream of 
the melted metal into cold water. 
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and when perfectly pure, inodorous. But dd it is generally 
obtained, it has a fetid odor, arising from the oily matter which 
it contains, and the hydrosulphuric acid. It is a powerful re* 
fractor of light, and has never been condensed to a liquid. 

It is the lightest body in nature. It is sixteen times lighter 
than oxygen, 36 times lighter than chlorine, 200,000 times 
lighter than mercury, and 900,000 times lighter than platinum ! 

Exp, Fill a gas bag with Fig- 53. 

hy driven* (fig. 53*) ; con- 
nect it with a bubble-pipe, 
and inflate soap bubbles with 
the gas ; they will ascend 
rapidly, being forced up by 
the superior weight of the 
air. Or, if a jar of hydrogen 
be removed from the cistern, 
and inverted in the open air, the gas will immediately escape- 

In consequence of its extreme lightness, hydrogen is used 
for filling balloons. 

Aerostation. Roger Bacon first suggested the possi- ^^g- ^5, 
bility of navigating the air by mechanical contri- 
vances, bat nothing of consequence was effected until 
1762. The substance first employed to raise balloons 
was rarefied air, confined in a silk bag. Since the 
discovery of hydrogen, it faai been universally employ- 
ed for this purpose. Balloons are made of various 
shapes and capacities. The spherical form (fig. 55.) 
is the best, for the reason, that a given quantity of can- 
vas, or silk made in the form of a sphere, will contain 
more than any other form, and hence offers the least 
resistance to the air. The substance employed for bal- 
loons is either varnished silk, or gold-beaters' skin, and 

* The method of filling gas bags with 
gases from the pneumatic cistern, is repre- 
sented in fig. 54. h is the cistern contain^ 
ing water ; the receiver has a stop-cock 
in its top, upon which another stop- 
cock C, connected with the bag a, may 
be screwed. The receiver is filled with 
gas, and the stop-cocks being both open, 
18 pressed down into the well, and the wa- 
ter presses the gas into the bag. Then 
by closing both stop-cocks, the pag may 
be removed from the receiver* 
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the size varies from 1 to 40 feet in diameter. They are ^Derail? 
eovered with a net n^ connected bj cords to a small faioat c, in which 
the aeronaut is stationed when he ascends. The hydrogen is prepac 
red by putting iron turnings, sulphuric acid and water into several 
large casks, and connecting each with the balloon ; the hydrogen is 
th^ rapidly evolved, and uie balloon tied down ontil ready for oat. 

-- Chemical properties. Hydrogen has a strong affinity tot 
Hiany substances, and the energy of its combination& frequent* 
ly produce the phenomena of combustion. 
- It is a combustibU body, but not a supporter of comhusticn. 

Fig.56. 

Exp. Plunge a lighted taper into an inverted jar of 
hydrogen, the gas will instantly be inflamed at the 
mouth of the jar, and burn with a blue light ; but the 
taper, if wholly immersed in the gas, will be extin- 
guished, and relighted again when the wick touches 
the flame. 

Exp, Burn a jet of hydrogen. If the hydrogen be 
forced rapidly through a tube 6 ^fig. 56.) with a small 
orifice, ignited at the orifice, and cylinders of glass 
as a, or other substances put over the flame, musical 
tones will be produced. The tones will vary with 
the size and kind of tube. 

Exp. Mix two measures of hydrogen with one of Fig. 51. 
oxygen, and apply the flame of a candle to a small 
portion confined in an exploding tube, or gas pistol 
a (fig. 57.), there will be a violent explosion. This 
eflect is also produced by mixing one part of hy- 
drogen with three of common air ; but the explo- 
sions are much more violent when two vols, of hy- 
drogen and one of oxygen are mixed and ignited 
with the flame of a candle ; or, by the electric spark. 
Soap bubbles may be formed and exploded as they 
rise. A large bladder, filled with the mixture, may also be 
exploded by piercing it with a sharp wire on the end of a long 
TOO, having about it ignited toi^. 

Exp. This mixture also explodes when suddenly compres- 
sed by the fire-syringe ; this is owing to the development of 
its latent caloric, or because the particles are then brought 
within the sphere of each other's attraction — but the experi* 
ment is hazardous 
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Theory, In these experiments, the report arises from the 
collapse of the air, a vacuum being formed by the sudden con- 
densation of the gases. The musical tones arise from con- 
tinued explosions produced by the union of the hydrogen and 
the oxygen of the air. 

Exp, When a stream of hydrogen gas is brought in con^ 
tact with spongy platinum^ it is immediately set on fire. 

This singular fact was discovered by Prof. Doebereiner of 
Jena in 1824. The sponge is prepared by dissolving plati- 
num in nitro-muriatic acid, and then precipitating it with am- 
monia. Rhodium and iridium produce the same effect. This 
property has been applied to the construction of lamps, by 
which light can be easily and conveniently produced. 

Under pressure^ the combustion of hydrogen produces a very 
intense heat, 

Exp, Burn a jet of hydrogen, and throw on iron filings, 
they will be ignited and produce beautiful scintillations. C&e 
pound of hydrogen in burning, will develope sufficient heat, 
according to Dalton, to melt ^StQ lbs. of ice. 

Relations to animals. An animal soon dies when confix 
ned in it. This is not owing to the noxbus properties of the 
hydrogen, since an atmosphere of oxygen and hydrogen will 
support respiration for a considerable time ; but is due to the 
fact, that it excludes the oxygen, and thus sufibcates. An at- 
mosphere of oxygen and hydrogen has the singular property 
of producing a most profound sleep. 

Hydrogen and Oxygen, 
Protoxide of hydrogen^ or water, 1 eq. H 1-j-l eq. O 8= 
9 eq. Symb. H+0 or Aq. Sp- gr.=l. 

Process, Water is the sole product of the combustion of 
hydrogen gas in common air, or oxygen. This may be shown 
by burning a jet of hydrogen in a large globe receiver ; or» 
what will render the effect more istriking, by burning a jet of 
two vols, of hydrogen, to one of oxygen with the compound 
blow-pipe : the sides of the receiver will soon become hazy, 
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from the deposition of water upon its interior surface, and if 
the process be continued, Jarge drops will form and run down 
the sides. This fact was first demonstrated by Mr. Cavendish, 
by burning the g/nses as above, and the weight of the water 
produced, was exactly equal to that of the gases consumed. 

Physical properties. These are well known. It is trans- 
parent, colorless, inodorous and tasteless; slightly compressi- 
ble by a very strong pressure ; elastic ; converted into vapor 
by heat ; boils at 212° Far. and congeals at 32^ Far. It is 
the standard of weight, with which all solid and liquid bodies 
are compared ; its specific gravity is therefore 1. One cubic 
inch weighs 252.458 grs. It is 815 times heavier than the 
atmosphere, which is the standard of weight for gaseous bo- 
dies. 

Chemical properties, 1. Water has the power of absorb- 
ing a great number of gaseous bodies. It always contains air. 

Exp, This may be shown by placing it under the receiver 
of an air-pump, c^nd exliausting the air, when bubbles of air 
will rise up through the water. 

It is the air contained in water from which fishes obtain the 
oxygen necessary to purify their blood. 

At the mean temperature and pressure, water will absorb, 
according, to Henry and Dalton, of 

Carbonic oxide, ^ vol. 



Carbonic acid gas, 1 vol. 
Sulphuretted hydrogen, 1 " 
Nitrous acid, i " 

defiant gas, . | " 

Oxygen, ^V" 



Carbu retted hydrogen, ^V " 
Nitrogen, ^ ' 

Hydrogen, " 



But if the gas be passed through the water under great pres- 
sure, a greater quantity will be absorbed. Carbonic acid gas, for 
example, is absorbed according to the pressure applied, to an 
unlimited extent. 

2. Water is one of the most powerful solvents in nature. 
It enters into combination with various bodies ; sometimes in 
indefinite proportions, as in solutions ; at others in definite 
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proportions, as in the acids, some of the metallic oxides, 
and many salts in whose crystallization it is taken up, and in 
which it is therefore called the water of crystallization. The 
definite compounds are called hydrates.* The affinity of wa- 
ter for'tome substances is so strong, that it cannot be entirely 
separated from them without at the same time decomposing 
the substance. 

"^ Composition of water. This has been Fig' 68. 
accurately determined, both by analysis 
and synthesis. By synthesis, by burning 
2 vols, of hydrogen and 1 of oxygen, the 
product is water. Also, by exploding 2 vols, 
of hydrogen and one of oxygen, in a strong 
glass tube, or Eudiometer a (fig. 58.), over 
mercury by the electric spark, there will be 
a perfect vacuum produced, and the mercu- 
ry will rise, and fill the tube. Water may 
be decomposed by the galvanic battery, and 
the products are 2 vols, of hydrogen to 1 of 
oxygen. The same results are obtained by 
passing its vapor over red hot iron, and collecting the pro- 
ducts. 

Compound blow-pipe. This apparatus was invented by Dr. 
Hare in 1804. The best construction for experimental purposes 
is the following. AB (fig. 59.) are two cylinders of wood or 
copper open at the top, cd two similar cylinders open at the 
lx>ttom, placed within the others, leaving spaces of J of an inch 
in width between them, and passing around cylinders of wood 
which nearly fill them. The spaces ie are filled with water, and 
the gases are conducted by a lead pipe into the bottom of e 
and c/, which are the gasometers. As they are filled, they 
are lifted up by the weights. The tubes ho connect the gas* 
ometers with the blow-pipe ; the gases being let out by means 
of slop-cocks, d is filled with oxygen and the gas passes in 
the tube o through the centre of the blow-pipe ; c at the same 
time is filled with hydrogen and the gas passes in the tube A 
to the side of the blow-pipe, and issues at the point, so as to 
encircle the oxygen. By igniting the two gases, as they issue 

• The term hydrous is prefixed to substances containing water, and 
anhydrous to those deprived of it. 
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Fig. 59. 



from the pipe, the heat is so intense as to melt the most re- 
fractory substances. It is only surpassed by that from a pow- 
erful galvanic battery. In burning the metals under the blow- 
pipe, an opportunity is afforded for many interesting and 
beautiful experiments. 

Binoxide of Hydrogen. Svmb. H+20 or HO*, equiv. 1+16=17. 
Sp. ffr. 1.452, water = 1. This singular compound was discovered 
by Thenard in 18J8, and is sometimes called oxygenized water, and 
peroxide of hydrogen. It is formed by the action of hydrochloric acid 
upon the peroxide of barium. 

- Properties. The binoxide of hydrogen is a colorless, transparent 
liquid, without odot, caustic to the skin, giving it a white stain, and 
possesses powerful bleaching properties. When heated to 59^ Far., 
it is decomposed so rapidly as to cause expl-osion ; the same effect is al- 
so produced by throwing it on to several of the oxides of metals ; 
such as the peroxide of silver, lead, mercury, gold and some others. 

Hydrogen and Chhrine-^Hydrochloric Acid. 

Symb. H+Cl. Eq. by vol. 200, by wgt. 35.42+1—36.^. 
Sp. gr. 18.21 Hyd.=l, 1.2694 air =1. 

History. This compound has been long known under the 
names o£ spirit of salt, and muriatic' acid; but was discove- 
red in its gaseous state, by Dr. Priestley, in 1772. 

Natural History. It issues from the craters of volcanoes, 
and is found in the warm springs of Mexico ; it exists in com- 
bination with ammonia, (the hydrochlorate of ammonia). 
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Process. 1. It can be obtained in the gaseous state, by 
simply heating the common hydrous hydrochloric acid of 
commerce in a glass flask, or retort, and collecting the gas 
over mercury* 

2. Put equal parts of common salt and sulphuric acid into 
a retort, and collect as above. 

Theory. Salt is a chloride of sodium, and sulphuric acid is com* 
posed of r^al add and water ; the oxygen of the^water goes to the so- 
dium, and forms soda, which unites with the acid, and the hydrogen 
of the water unites with the chlorine, forming hydrochloric acid. 
Na+CI, S03 and HO, are converted into NaO-f-SO^ and HCI. 

Instead of collecting the gas over mercury, it may be col- 
lected in large vials or bottles, in the following manner : 

Put the materials into a flask a (see fig. 5J.), and connect 
the flask with a glass tube, bent twice at rfght angles, and ex- 
tending to the bottom of a bottle or receiver 6 ; as the gas is 
heavier than the atmosphere, it will expel it and fill the ^ttle. 
By the application of ammonia to the mouth of the bottle, a 
white cloud will arise when the bottle is ^filled.* 

Liquid hydrochloric acid. This is obtained in the arts, 
by passing the gas through water ; for this purpose Wolf*s 
apparatus may be employed. 

Fig, 60. 



It consists of several bottles, b c d e (fig. 60). The first 
bottle is connected by a lead tube, with a glass retort a, which 
contains the materials ; b is one third filled with water ; the 
lube from b descends to the bottom of c, and the gas passes 

* All gases, that are heavierthan the atmosphere, may be collected 
in this way, and those that are lighter may be collected by invert- 
ing the bottle and pressing the air down instead of lifting it up. 
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up thrcm^ the water. As soon as the water is saturated, the gas 
passes through the tuhe to the bottom of d^ and ascends again 
through the water ; thence to c, in a similar manner. Through 
the centre of each bottle there is a safety tube, extending near- 
ly to the bottom, to prevent the danger that might arise from 
a too sudden evolution of gas. The gas presses upon the 
surface of the water, and forces it up the centre tubes, which 
prevents it from bursting the bottles. The acid in the first 
bottle is thrown away, the rest is the acid of commerce. The 
bottles should be surrounded with ice, to aid the absorption ; 
water will thus absorb 480 times its volume, and the solution 
has a density of 1.2109. 

Physical Properties Hydrochloric acid gas is cobriess, 
of a pungent odor, and acid taste, a little heavier than the air ; 
sp. gr. 1.269 ; under a pressure of forty atmospheres, or 600 
lbs. on the square inqh, it is condensed into a liquid. 

Chemical properties. It possesses decidedly acid proper- 
ties, changes the vegetable infusions red, and combines with 
alkalies, and forms salts. It supports combustion feebly, and 
extinguishes a lighted taper, the flame of which assumes a 
greenish hue before it goes out. Water absorbs it rapidly. 

, Exp. A drop or two of cold water, tntrbduced into a flask 
of the acid, will absorb it readily ; and if a jar of it be inverted 
over water, the water will rush in with nearly the same vio- 
lence as into a vacuum. 

Exp, So strong is its affinity for water, that a piece of ice 
introduced into a jar of it over mercury, will be dissolved al- 
most as soon as if thrown into a furnace. 

It is readily decomposed by voltaic electricity, the hydro- 
gen appearing at the negative and the chlorine at the posi- 
tive pole. A discharge of ordinary electricity will decompose 
it, but, according to Henry, the second shock causes it to com- 
bine again. It is decomposed by those substances which 
yield oxygen readily, such as the peroxide of manganese, 
cobalt, and lead ; the oxygen combines with the hydrogen of 
the acid, and«ets the chlorine at liberty. 

It is nearly as suffocating when taken into the lungs as 
13 
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chloriDe, causes spasms of the glottis, and combines with the 
saliva, or water, and forms the liquid acid. 

Constitution. It was formerly supposed to be a simple 
"body, combining with oxygen to form oxymuriatic acid, now 
found to be chlorine. But its composition may be determined 
S3mthetically, by mixing equal portions of hydrogen and 
chlorine in a glass tube, and exposing them to the solar rays, 
when they instantly combine with explosion, and hydrochlo- 
ric acid is the only product ; or their union may be effected by 
passing an electric spark through the mixture contained in the 
eudiometer.* If the gases are mixed they will combine slow- 
ly in diffuse day-light. The light from the points of charcoal, 
at the poles of a galvanic battery, has the same effect as the 
sun's rays. 

Uses. Hydrochloric acid is one of the three great acids 
used in the arts ; for preparing the chloride of tin for dyers ; 
as a re-agent in various chenxical processes, and in medicine 
as a tonic. 

Impurities. The acid of commerce is not quite pure, con- 
taining the chloride of iron, and chlorine. This gives the li- 
quid a yellow color, but when perfectly pure, it is limpid. 

Hydriodic acid. Symb. H+I. Eq. 126.3+1=127.3. Sp. , 
gr. 4.3854, air .._ 1. Discovered by Gay Lussac of Paris. 

Preparation. — It may be obtained by passing iodine vapor 
and hydrogen gas through a red hot porcelain tube. But a 
more convenient process by which it may be obtained, for the 
purposes of experiment, is to put a small bit of phosphorus in- 
to a glass tube, filled with water, and drop upon it a few 
grains of iodine. The iodine unites with the phosphorus, 
forming the periodide of phosphorus, and then the water and 
the periodide mutually decompose each other. The oxygen 
of the water unites with the phosphorus, and the hydrogen 
with the iodine, giving rise to phosphoric and hydriodic ac^s ; 
the latter passes over in the form of a colorless gas, and may 
be collected in a receiver of common air ; it may be passed 

* The fact being established that hydrochloric acid is composed of 
hydrogen and chlorine, the old theory that oxygen wa« the only acid- 
ifying principle is proved false ) there are many acids of hydrogen 
which have no oxygen in them. 
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through water and absorbed by it. It cannot be collected over 
mercury, because it acts upon it. 

Properties. Hydriodic acid is a colorless, transparent gas, 
very sour to the taste, and gives an odor like hydrochloric 
acid ; reddens vegetable blues without destroying them, and, 
when mixed with air, produces dense white fumes ; has a 
strong affinity for water ; is decomposed by several of the 
metals, such as potassium, sodium, zinc, iron, and mercury, 
and even when exposed to the air. 

Uses. This acid may be employed to form pigments. 

Exp. Take some of the salts of lead, in solution, and pour on hyri- 
odic acid; it will decompose the salt, and form paints of a yellow 
color. 

Tests. The most delicate test of this acid is bichloride of 
platinum, a single drop of which, in solution, will give to a li- 
quid containing the acid, a reddish brown color, and a dark 
precipitate will subside. 

Exp. Starch is also a sure test. A few drops of sulphuric acid will 

five to a solution of the acid, mixed with a cold solution of starch, a 
lue color. 

'^'^ Hydrohromic acid. Symb. Br-(-H or BrH. Eq. 78.4-f-l 
=79.4. Sp. gr. 2.7853. Discovered by M. Balard, and may 
be obtained by immersing a red hot iron into a mixture of the 
vapor of bromine and hydrogen ; the combination lakes place 
slowly without explosion, or it may be formed for experimen- 
tal purposes, by a process similar to that for obtaining hydrio- 
dic acid, using bromine instead of iodine. 

Properties. It is colorless, with ah acid taste, and pungent odor ; 
irritates the glottis, so as to excite couching ; exposed to moist air, it 
yield* white dense vapors, and is rapidly absorbed by water ; decom- 
posed by chlorine instantly ; nitric acid also effects its decomposition. 

'"^Hydrofluoric acid. Symb. F+H or FH. Eq. 18.68+1 
=19.68. Sp. gr. 1.0609. 

History. First procured in a pure state in 1810, by Gay 
Lussac and Thenatd. 

„, Process. It is formed by the action of sulphuric acid on 
fluor-spar (fluoride of calcium). This mineral is pulverized, 
put into a lead or silver retort, with twice its weight of sul- 
phuric acid, and heat applied. The acid will distil over, and 
must be collected in a vessel of the same material, surrounded 
with ice to condense the acid. 
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Theory^ The bydro^n of the w&ter in the sulphuric aeid, 
bines with the fluorine in the mineral, and the oxygen with the cal- 
^•^ '" cium. The sulphuric acid, unites with the oj^ide of calcium, the pro- 
ducts are hydrofluoric acid, and sulvhaU of the protoxide tf caleium. 
Ca, F, SO» and HO are converted into CaO+SO^ and FH. 

Properties, At 32° Far. it is a colorless liquid, and re- 
. mains m that state at 59**, if preserved in well-stopped bottles ; 
^ but, exposed to the air, it assumes the gaseous form, unites 
with the water of the atmosphere, producing white fumes. 
Its affinity for water is greater than strong sulphuric acid. Its 
vapor is much more pungent than chlorine or any of the irri- 
^- tating gases ; the most destructive to animal matter of any 
known substance — a single drop of the concentrated acid caus- 
ing deep and almost incurable ulcers. It is distinguished for 
the remarkable property of acting on glass. It readily dis- 
solves silex, and an acid is produced called the fluo-siUcic 
acid, and hence it cannot be preserved in glass vessels. 
Uses. It is used for etching on glass. 

For this purpose, prepare some resin or beeswax, and form a coat 
over the glass ; then, with a pointed instrument, remove the coating 
where you wish the glass to be etched ; pour on the acid, and in a 
few minutes the etching is completed -, by washing the glass, in wa- 
ter, and removing the coating, the figures will appear. 

Sect. 7. Nitrogen. 

Q^mh N Fnniv ^ By vol. 100. Sn irr 5 0.9727 Air =1. 

Symb. N. Eqmv. ^ d ^^^ ^4^5 Sp. gr. J 14.15 Hyd. = l. 

History. Nitrogen was discovered by Dr. Rutherford of 
Edinburgh in 1772. Three years after, Lavoisier discovered 
that it was a constituent of the atmosphere. Scheele also 
made the same discovery. It was called by Lavoisier azote 
(from two Greek words*), because it deprived animals of life ; 
but this is not the only gas which is ap:otic. Its present name, 
nitrogen^ is derived from nitre (nitrate of potassa). 

Natural History. Nitrogen exists in all animals, in fun- 
gous plants, and constitutes f of the atmosphere ; also in some 
hot springs in Scotland, and in the Alps. It is also evolved 
from certain springs in New York. 

Process, It may be obtained from the atmosphere, either 
* a and ^u>»i' 
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by burning out the oxygen of a confined portion of air with 
some combustible, or by abstracting the oxygen in a more 
gradual way, by its affinity for some of the simple substances. 

Exp, 1. Put a small piece of phosphorus in Fig, 61. 
f*^a cup which will float on water (fig. 61.)iand 
invert over it a receiver of common air. On 
igniting the phosphorus, it will unite with the 
oxygen, and burn until all the oxygen is con- 
sumed, forming white fumes — the pyrophos- 
phoric acid. This acid, in a short time, will 
be absorbed by the water, which will rise and 
fill the jar \ full. This is sufficiently pure for common ex- 
periments, but contains vapor of phosphorus and carbonic acid, 
which may be removed by passing the gas through pure po- 




Exp, % Make a paste of flour of sulphur and iron filings, 
and invert over it a receiver ; the oxygen will combine slow- 
ly with the iron^ and leave the nitrogen. A stick of phospho- 
rus will produce the same effect. If the proto-sulphate of iron, 
charged with the binoxide of nitrogen be substituted for the 
paste, the process is more rapid. 
, Exp. 3. It may also be obtained, by pouring nitric acid on 
fresh muscle,' and subjecting it to a moderate heat 

Theory. On account of the strong affinity of oxygen for 
these substances, it leaves the nitrogen and combines with 
them. 

Physical properties. Nitrogen is colorless, tasteless, ino- 
dorous, not condensed into a solid by pressure, or cold ; 100 
cubic inches weigh 30.1650 grains. 

Chemical properties. Water, recently boiled, absorbs IJ 
vols, of the gas. // wiU not support combustion. 

Exp. Put a lighted candle into a jar of it, and it will be im- 
mediately extinguished ; hence it does not support respira- 
tion. 

No animal can live in it, not because of the active proper- 
ties of the gas, but because it excludes the oxygen. It kills 
"^by its negative properties, for which it seems alone to be dis- 
tinguished. The effect is like that of drowning. 
13» 
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Although pure nitrogen is the most inert of substances, 
some of its compounds are among the most active and usefuL 

Nitrogen and Oxygen. 
Common air. Symb. 2N+0. Equiv. 28.30-f8=36.30» 
eq. vol. 4N+0. Sp. gr. = 1. The earth is surrounded by a 
gaseous fluid or atmosphere, consisting chiefly of common air, 
extending about forty-five miles from its surface, and revolv- 
ing with it around the sun. 

Physical properties. The atmosphere is a permanent, 
elastic fluid, transparent, inodorous and tasteless. The air i» 
' very compressible and elastic. 

The compressibility of the air may be shown by the fire- 
syringe, by which it may be compressed into a very small 
compass. If 100 measures of confined air under pressuro of 
1 lb. be subjected to double the pressure, or 2 lbs., it will be 
diminished to 50 measures ; double this pressure, or 4 lbs., 
will compress it to 25 measures. On the other hand, if the 
pressure be diminished, its elasticity will restore it to its for- 
mer state. Then if ^ lb. be applied to the 100 measures, it 
will expand to 200 measures. Halve this, or J of a pound, 
add the vol. will be double, or 400 measures. The same is 
true of all other gaseoiis bodies, while they retain their gase- 
ous state. Hence the following law, that the volume of air 
and of other gaseous fluids is inversely as the pressure ap' 
plied. 

The elasticity of the air may be further shown, by putting 
a bladder, half filled with air, under the receiver of an air- 
pump, and exhausting the air from the receiver ; the external 
pressure being thus taken ofl*, the air within the bladder will 
expand, fill the bladder, and even burst it. This force is of- 
ten so great, as to burst the strongest vessela Hence the 
danger of forcing too much air into the ball of an air-gun, or 
carbonic acid into a soda fountain. 

Winds. In consequence of the great eUistieity and compressibifity 
of the air, it gives rise to the phenomena of winds. It is subject to 
the laws of elastic fluids in general ; as one portion therefore becomes 
expanded by heat, the colder or more dense portions rash rapidly in- 
to its place, and force it to ascend. From the same properties also, 
vibrations are easily produced in it, which give rise to the sensation 
of sound, musical tones, etc. 
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Pressure of the air. That the air had weicht, was first 
noticed by (^lileo io 1640. Torricelli, his pupil, carried out 
hissuggestionsy and in 1643 invented the barometer j by which 
variations of pressure could be accurately ipeasured. The 
exact weight of the atmosphere is of great importance in phy- 
sical and chemical researches, and has been accurately de- 
termined by Dr. Prout. At the level of the sea, its pressure 
is 15 lbs. on every square inch of surfaca (See page 36.) 

Exp, This pressure may be illastrated by exhausting the air ftom 
the receiver of an air-pump ; the pressure on the external surface of 
the receiver will fix it immoveably to the plate. 

The body of a man sustains constantly a pressure of about 
14 tons ! 

As we ascend above the level of the sea, the mercury 
sinks in the barometer, because the eolumn of air is shorter; 
hence the height of mountains may be measured in a very 
expeditious manner, ^ronauts, in this manner determine 
the height to which they ascend.* 

Extent of the atmosphere. The height of the atmosphere, as 
estimated by the phenomena of refraction, is found to be about 
forty-five miles. Above that height no refraction takes 
place in the rays of light. Dr. Wollaston estimates its ex- 
tent by the law of the expansion of gases, at forty miles. 
That is, the weight of the particles of air (gravity) will over- 
come their elasticity at that height. 

Composition of the atmosphere. Chemists are not agreed 
whether the atmosphere is a chemical or a mechanical com- 
pound. The proportions 20 or 21 parts of oxygen and 79 or 
80 of nitrogen in 100 never vary, from whatever parts of the 
earth, or regions of the atmosphere, it may be taken* Gay 
Lussac brought air from an altitude of 21,735 feet, and its 
composition did not vary from that on the surface of the 
earth.t 

* There seems to be a constant relation between the pressure of 
the atmosphere and the weather. During a storm, the mercury in 
the barometer sinks, indicating that the atmosphere is lighter, and 
rises ajrain when fair weather returns, proving its greater weight. 
Inyalids oflen complain of the oppressive weight of air in foul weath- 
er ; the fact as we have seen, is the reverse ; they feel a difficulty 
in respiration, because the air is too li^ht. The same difficulty is fell 
by flsronauts, and those who ascend high mountains. 

\ This uniformity in its composition has been regarded as a de- 
cisive proof of its chemical constitution \ on the other hand there ii 
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Impurities. The air usually contains other gases ; carboDic 
acid, and watery vapor, are the most abundant. The quanti- 
ty of water is determined by the hygrometer. It never 
amounts to more than one per cent Carbonic acid rarely 
exceeds ^ ^ qq. Traces of hydrochloric acid are frequently 
found in the vicinity of the ocean, and of nitric acid in rain 
water,^produced by lightning. 

The air near cities often contains other substances, organic 
matter, sulphuric acid, and ammonia. The odoriferous par- 
ticles of flowers, and other vegetable and mineral substances, 
are often detected in it. 

It was formerly supposed, that the healthy state of the air 
depended upon the proportion of oxygen in it ; hence the ori- 
gin of the term Eudiometry,^ which was applied to the process 
of analyzing the air ; but since the oxygen of ihe air is found 
to be constant, it is now applied also to the modes of ascer- 
taining its purity. This is eflfected, either by exploding a giv- 
en portion of air with hydrogen in the eudiometer^ (see page 
142), or by placing in a portion of confined air, some sul^stance 
to abstract the oxygen. 

Uses of the air. The utility of the atmosphere in the economy of 
nature cannot be to higlily rated. It is absolutely essential to animal 
and vegetable life, and is one of the most beautiful illustrnlions of 
J the wisdom, and goodness of the Creator. 

Protoxide of nitrogen. Symb. NO. Equiv. 14.15-{-8= 
y 22.15. Sp. gr. 1.5239 ; 100 cub. in. weigh 47.2586 grs. 

History, Discovered by Priestly 1772, and named by him 
dephlogisticated nitrons air, Davy called it nitrous oxide. 

Process. This gas may be formed by decomposing ni- 
trate of ammonia. 

Exp, Put a. few grains of this salt into a glass retort, and 
apply heat. At a temperature of between 400° and 500° Far. 
it liquifies, bubbles of gas begin to appear, and in a short time 
brisk effervescence.. The gas may then be collected in the 
ordinary way over warm water, and suffered to remain a short 
time, until the water absorbs the nitrous acid, which is often 
formed with it. 

Theory, The changes which take place may be thus ex- 
good reason for considering it a mechanical mixture, it seems to be 
a peculiar case, different frbm other mixtures, for the benefit of the 
arumal and vegetable kingdoms. 
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plained : the NHH-NO*, containing 2N, 60 and 3H, are 
converted into 3H0, or water and 2N0. 

Properties, The protoxide of nitrogen is a colorless, in* 
-odorous gas, of a sweetish taste, and does not affect the vege* 
table blues ; it is not, therefore an acid, or an alkali 
^ It supports comhustiott, 

Exp, A candle is relighted in the same manner as in oxy- 
gen gas. Iron ware, charcoal and most combustibles burp in 
it. Phosphorus burns with nearly the same brilliancy as in 
oxygen, but generally it requires the temperature of the sub- 
stance to be raised to a higher degree than oxygen, because 
the heat is necessary to decompose the salt, so that its oxygen 
may unite with the combustible, and its hydrogen escape into 
the air. 

Respiration of this gas. When respired, it is a powerful 
stimulant. Its effects upon the animal system were first in- 
vestigated by Sir H. Davy in 1799. In his experiments on 
the^ effects of respiring the various gases, he breathed nine 
quarts of this gas for three minutes, and twelve quarts for 
four. No quantity would support respiration for a long" 
'^er period. The effects are pleasurable in the highest de- 
gree, resembling the first stages of intoxication. The effect 
varies very much with temperament, but generally gives an 
unusual propensity to muscular action^ a rapid flow of vivid 
ideas, and the more 'prominent traits of character made stiU 
more prominent. 

This excitement continues but for a few minutes, and gen* 
erally is not succeeded by the languor and exhaustion, conse- 
quent upon other stimulants.* Its effects, however, upon some 
temperaments have proved decidedly injurious. It is hoped 
that so powerful a stimulant will bo applied to some good 
use in medicine. 

Binoxide of Nitrogen. Sy mb. N+20, NO^, or KT. Equiv. 
14.15+16=80.15. Sp. gr. 1.0375. 

* It may be administered from a silk or india-rubber bag, furnished 
with a stop-cock, b^ repeatedly breathing it from tlie bag and back 
again as long as it will support easy respiration. 



Digitized 



by Google 



154 Nitrogen and Oxygen. 

Historic. Discovered by Dr. Hales, but its properties were 
first investigated by Dr. Priestly in 1772, who gave it the 
name of nitrous air, nitric oxide^ and nitrous gas have also 
been applied to it. 

Process, It may be formed by the action of dilute nitric 
acid ; (2 parts of water to 1 of acid) upon copper filings, or 
mercury. Place the materials in a retort and collect over water. 

Theory. In this process the nitric acid is decomposed. 3 equir. of 
oxygen unite with the copper, forming the peroxide of copper, and 
2 equiv. of oxygen combine with the nitrogen and form the binox- 
ide ; the peroxide of copper is then united to some undecomposed ni- 
tric acid, and forms the nitrate of copper. Cu and 2NO* are convert- 
ed into CuO^+NOSand NO« 

Properties. This gas is colorless, and slightly absorbed 
by water. It is perfectly irrespirable^ exciting spasms in the 
glottis, which immediately closes to prevent its passage into 
the lungs. It extinguishes most burning bod ies, although phos- 
phorus and charcoal, introduced in a state of vivid combustion, 
burn with increased brilliancy, owing doubtless to its decom- 
position, which is easily effected by heat or electricity. 

It has a strong affinity for pxygen. 

Exp. Pass oxygen into a jar of it, and red fiimes will be formed. 
This is a test of the gas. Atmospheric a.ir will produce a similar ef- 
fect.* 

Hyponitrous acid. Symb. N+30, NO^ or N. Equiv. 14. 
15-|-24=38.15. This compound was discovered by Gay 
Lussac, and is said to be formed when 4Q0 measures of binox- 
ide of nitrogen are mixed with 100 of oxygen, both quite dry. 
"When the resulting orange fumes are exposed to a cold of ze- 
ro, Far. they are condensed into a liquid. The anhydrous 
acid is colorless at zero, Far. and green at common tempe- 
ratures. It is so volatile, that in open vessels, the green fluid 
wholly and rapidly passes off in the form of an orange-color- 
ed vapor, density of 1.72. In the manufacture of sulphuric 
acid, it exerts an important agency, by forming with water and 
sulphuric acid a crystalline compound, the production of 
which, seems essential to the process. 

Nitrous acid. Symb. N440 NO or K Eq. 14.15+ 
32=46.15. 

* Owinff to this property, an attempt has been made to introduce 
it into tudiovMtry, but the results are not perfectly satisfactory. 
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History, Known for some time under the name of finning 
nitrous acid. Its true nature has been ascertained by Davy, 
Gay Lussac and Dulong. 

Process. It is formed by adding oxygen gas in excess to 
the binoxide of nitrogen over mercury, and putting a strong 
solution of potassa into the receiver before mixing the gases ; 
red fumes appear, and combine with the potassa, forming the 
nitrate of potassa. 

It may be obtained in the form of a gas, by exhausting a 
glass globe of air, and introducing 100 vols, of oxygen to 
200 vols, of the binoxide of nitrogen.* 

The best mode is to expose, in an earthen retort, nitrate of 
lead carefully dried, to a red heat — and collect the gas in a 
tube surrounded by ice. For the purposes of experiment, it 
may be formed by introducing oxygen, or common air into a 
jar of the binoxide, over water ; deep orange red colored 
fumes appear, which are rapidly absorbed by the water ; or 
by simply taking up a jar of the binoxide, and exposing it to 
the air. In each case, nitrous acid is formed, and may be 
known by its red fumes. 

Properties. The vapor is of an orange red color, rapidly 
absorbed by water. At common temperatures, the liquid is 
orange red ; below 32** yellow, and nearly colorless at zero. 
Far. Density 1.451 ; anhydrous, exceedingly volatile, pun- 
gent to the taste, and powerfully corrosive, giving a yellow 
stain to the skin. 

It has decided acid properties, f both in the gaseous and li- 
quid states. t 

Exp. Into a long glass tube, filled partly with vegetable infusion, 
and partly with the binoxide, introduce a few bubbles of oxygen, 
and the fusion will immediately turn red, owing to the formation 



Respiration of nitrous acid. It is highly suffocating and 
poisonous, exciting great irritation ^nd spasms in the glottis, 
even when moderately diluted with air. 

* If collected over water, it is converted into nitric acid; if over 
mercury, it is decomposed and the mercury is oxidized. 

t Some chemists believe it to be a compound of nitric and hypo- 
nitrous acids, from the fact that when it is added to an alkaline so- 
Intion, the products are a nitrate and a hyponitrite of the ba^e. 
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Nitric acid. Symt. N+50, NO^ or N. Equiv. 1415-f 
40=54.15. 

History, This acid was first discovered in distilling a mix- 
ture of nitrate of potassa and clay^ by Raymond Lnlly, a 
chemist of the island of Majorca. Basil Valentine, in the 15th 
century, describes a process of obtaining it, and calls it the 
water of nitre. Its composition, however, was first determi- 
ned by Mr. Cavendish in 1785, by exposing oxygen and ni- 
trogen in a glass tube over mercury, in which some water 
was pr^ent, to the action of the electric battery. It has since 
been examined by Davy, Dalton, Henry, Berzelius, and Gay 
Lussac. 

Process. Gay Lussac ob- ^S- ^^' 

tained nitric acid by adding the 
binoxide of nitrogen slowly to 
an excess of oxygen over water. 
By this process, it is found to 
be composed of 250 vols, of 
oxygen to 100 of nitrogen. But 
the usual process for obtaining 
it, is to heat in a large tubulated 
retort c? (fig. 62.) a mixture of 3 
parts of nitre (nitrate of potassa) 
and 2 of sulphuric acid,* and 
condensing the gas in the globe- 
receiver by by dropping ice-cold water from the tunnel a upon 
the tube of the retort, or by surrounding the receiver h with 
ice. The liquid as it is condensed passes into the bottle G. 

Impurities. The acid of commerce is liot perfectly pure ; three 
acids are generated in the process, the nitrous, hyponitrous and nitric. 
It also contains hydrochloric and sulphuric acids. . Nitrous acid gives 
it a color varying from yellow, to orange and green, and may be ex- 
pelled by heat ; the hydrochloric may be detected and separated by 
a^w drops of the nitrate of silver, with which it will combine and 
form a white solid. The sulphuric acid is separated by re-distilling 
it with nitre. 

* The London college of physicians employ eqital weights of ni- 
trate of potassa and sulphuric acid. The Edinburgh and Dublin col- 
leges emplojr 3 of nitre to 2 of acid. According to Thompson, the 
strongest acid is obtained from 6| parts of sulphuric acid to 12} of 
nitre. The specific gravity of which is 1.55 
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Properties. Nitric acid, ia its most conceDtrated state, is 
a white or limpid liquid, specific gravity of 1.55, and of a 
peculiarly nauseoits odor. It boils at 248°, and freezes at 
-50° Far. 

Chemical Properties. It is one of the most energetic of 
substances. It acts upon the skin, and gives it a yellow stain ; 
it is eminently poisonous ; has a very strong affinity for water, 
and cannot be wholly separated from it, before decomposition 
takes place. 

It acts as a supporter of combustion ; in this case, it is de- 
composed, and the oxygen combines with the combustible. 

Exp, Pass hydrogen and nitric acid through Fig. 63. 
an ignited porcelain tube, a violent detonation will 
be produced. 

Exp. Pour strong nitric acid on dry powdered 
charcoal — the charcoal will be ignited, with the 
evolution of dense fumes. 

Exp, Phosphorus takes fire in it (fig. 63.), 
sometimes with violent explosion. 

Exp, Pour nitric acid on to some of the essen- 
tial oils, spirits of turpentine, and they will be in- 
flamed. 

The acid in these experiments should be pour- 
red from a wine-glass, attached to the end of a long rod. 

It unites with various metals, such as iron, tin, copper, with 
great energy, and is decomposed by them. It also suffers de- 
composition by boiling it in contact with sulphur, or by expos- 
ing It to the solar rays. In this case, the color changes to a 
yellow, and deep orange, in consequence of the formation of 
nitrous acid. The action of the binoxide of nitrogen produ- 
ces the same effect, as may be shown by passing it through 
nitric acid. In consequence of its yielding up its oxygen so 
readily, it is one of the most powerful oxidizing agents. 

Uses, It is used extensively in chemistry, and the arts : 
for etching on copper, and as a solvent of tin to form a mor- 
dant for some of the finest dyes ; in metallurgy and assaying, 
to bring the metals to their maximum of oxidation ; in meoi- 
cine, as a tonic. The nitric acid of commerce is ^ water, 
and called double aquafortis — another kind, J water^ called 
simply aquafortis. 

14 
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Niiro^muriaHc acid. This is the aqua regia of the ftlche- 
mists, and is formed of 1 part of nitric, to 4 of hydrochloric 
acid. 

It possesses the remarkable property of dissolving gold and 
platinum, but does not form a distinct class of salts. 

Nitro'hydrofluoric acid. This acid is formed by a mixture 
of nitric and hydrofluoric acids, and dissolves metals, which are 
not dissolved by the preceding acid, and is therefore an im- 
portant r^-agent. 

Nitrogen and Chlorine, 

Quadro'chloride of nitrogen, Symb. N-|-4C1 or NCl^. 
Eq. 14.154-141.68=155.83. Sp.gr. 1.653. Discovered in 
1811 by Dulong, and subsequently examined by Davy, and 
others. 

Process. This very extraordinary substance may be formed by th« 
union of nitro^n and chlorine in their nascent state, or the chlorine 
may be obtained in ajar and inverted over a solution of 1 part of by- 
drocblorate of ammonia, to 12 of water ; a part of the chlorine unites 
with the hydrogen of the ammonia, forming hydrochloric acid, 
and another portion unites with the nitrogen of the ammonia, and 
forms the quadro-chloride of nitrogen, which appears in the form of 
yellow, oily drops on the surface of the solution. 

Properties, A yellow oily liquid, of an irritating and pe- 
culiar odor ; it retains the liquid state below zero, Far. It 
may be distilled at 160^ Far., but explodes between 200° and 
212°, and suffers decomposition. It is one of the most explo- 
sive substances yet known. A drop of the size of a pea, 
brought in contact with phosphorus, or with any of the oils, 
will explode with great violence. It is dangerous to experi- 
ment with it, even in so small portions. Dulong lost an eye 
and a finger, and Davy had both eyes injured by exploding 
small quantities of it. It is liable to explode without any as- 
signable cause. 

Nitrogen and Iodine. 

Teriodide of Nitrogen. Symb. N-f 31 or NI^. Eq. 14.15-f- 
378.9=392.24. This compound, discovered by M. Courtois, 
M obtained in a similar manner with the preceding. 

Eicp, Pat iodine in a solution of ammonia, and there will be precipita- 
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tfed a blackish powder, which may be thrown, in the course of half an 
hour, upon a filter, washed and dried. When dry, it explodes by the 
slightest touch, or even spontaneously. 

^ Nitrogen and Hydrogen, 

Ammonia, Symb. N+3H or NH^. Eq. 14.15+3=17.15. 

History, This substance was known to the alchemists by 
the names of hartshorn^ volatile alkali, spirit of sal-ammoni- 
ac^ etc., but was first noticed as a distinct gas by Dr. Priestly, 
who gave it the name of alkaline air. The name ammonia 
is derived from one of the salts from which it was procured, 
the hydrochlorate of ammonia, or sal-Ammoniac, and this 
from the temple of Jupiter Ammon in Lybia, from which 
place it was first obtained. ' 

Process. Mix together equal parts of pulverized Fig, 64. 
hydrochlorate of ammonia and recently slacked lime 
in a common retort, and apply heat. The gas may be 
collected over mercury, or in consequence of its be- 
ing lighter than the air, the materials may be put in- 
to a Florence flask a (fig. 64.), to which is attached 
a long glass tube. Invert oyer it a receiver r, and 
the gas will displace the air and fill the receiver— 
(for a test of the gas, hydrochloric acid may be used, 
which produces a white cloud). It may also be ob- 
tained by simply heating the common aqua ammo- 
nia of commerce. The liquid ammonia is prepared by pass- 
ing the gas through water in Woulfs apparatus, in the same 
manner as in the preparation of hydrochloric acid. (See 
page 144.) 

Properties, Ammonia is a colorless gas, of a strong, pun- 
gent odor ; becomes a transparent liquid under pressure of 
6.5 atmospheres, and at a temperature of 50** Far. It cannot 
support respiration in its pure state, but may be inhaled with 
safety, when mixed with the air. 

// is inflammable^ but extinguishes the flame of most burn- 
ing bodies. 

Exp, A candle immersed in this gas, burns with increased 
flame, tinged with yellow before it goes out. When expelled 
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from an orifice surrounded by oxygen gas, and ignited, it 
burns with a pale yellow flame. The products are water and 
nitrogen. 

- // has a strong affinity for water. 

Exp, A few drops of water introduced into a jar of the gas 
over mercury, will instantly absorb it, and the mercury will rise. 

\ Ice is melted in it. Alcohol absorbs several volumes of 
/ this gas, and the solution has a strong odor, commonly called 

spirits of hartshorn, 
, '' Decomposition is effected by chlorine and iodine. 

Exp, Place a flask of ammonia over a bottle with a wide 
mouth, containing chlorine gas. The gases will instantly 
combine, as will be seen by a sheet of white flame. 

Theory. The chlorine unites with the hydrogen of the ammonia^ 
forming hydrochloric acid, and this unites with some undecomposed 
ammonia, and forms hydrochlorate of ammonia, and will be deposited 
on the »ides of the flask in a solid state. 

It possesses decided alkaline properties,^ 

Exp, Place a jar of ammoniacal gas on to a plate contain- 
ing vegetable infusion, and the infusion will become green. 

Uses, Ammonia is used in the arts^ and in medicine. In 
chemistry it is employed to neutralize acids. 

Exp. Colors changed by acids, may oflen be restored by ammonia. 

In medicine, it is used as a tonic. It is a powerful and 
grateful stimulant, producing the useful eflects of alcobol» 

* This introduces to us a new class of bodies — the alkalies. Am-, 
monia is the only one the base of which is not a metal, and there is 
still some doubt whether its base, nitrogen, is not a body with a me- 
tallic base. This view corresponds best wHh the general analogy of 
other compounds. The alkalies generally have the following pro- 
perties. 

1 . Caustic to the animal organs, corrode woollen cloth, and are 
generally powerful solvents of animal matter. 

2. Volatilized by heat, bat excepting ammonia, are not easily de-* 
composed by it. 

3. Combine with acids, and form salts. 

4. AU soluble in water. 

5. Unite with oils, and form soaps, 

6. Taste acrid, very different from acids. 

7. Change some vegetable blues to green. This last property is a 
convenient one to distmgnish them from acids. One of the best tests 
of acids and of alkalies, is an infusion of purple cabbage, which ia 
changed to red by acids, and to green by i^lkaliea. 
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without its injurious consequences. Ammonia is the sub- 
stance employed for smelling bottles.* 



Sect. 7. Carbon. 
I — 

ft««»K r F^nJ,, S ^y vol. 10(). «„ p, C 3.52, Water = 1. 

Natural History. Carbon is one of the most important 
^rmd useful of substances. Like all other substances of exten- 
sive utility, it is widely diffused. It exists abundantly in the 
animal, vegetable, and mineral kingdoms. The greater part 
of the substance of trees, and of animal bodies, is carbon. It 
b rarely found quite pure in nature, and cannot be form<?d 
perfectly pure by art The only pure carbon is the diamond. 
-The diamond is found in the East Indies and in Brazil, S. 
A. They generally occur in alluvial soils, in detached crys- 
tals, the primitive form of which is the regular octahedron, 
but sometitnes have twenty-four, and even forty-eight faces. 
They are of various colors, brown, black, red, blue and green, 
or colorless and transparent ; the latter are the most valued.f 
The diamond is the hardest body in nature. It is a powerful 
refractor of light, a property which led Newton to predict its 
combustion. Lavoisier first proved it to contain carbon, by 
exposing it in oxygen gas to the solar focus. The product 
was carbonic acid. In 1807, the combustion of the diamond 
in oxygen, was found by Allen and Pepys to be attended by 
the same results as that of charcoal. Davy confirmed these 
results by comparing the combustion of the diamond with that 
of various kinds of charcoal. Another proof of its identity is 
the fact, that diamond converts iron into steel in the same 
manner as charcoal. 

* To prepare a smelling-bottle, it is onlv necessary to put a small 
quantitv of quick lime and hydrochlorate of ammonia into asmuU boi- 
tle, ana keep it corked tight, only when it is used. 

t Diamonds are of various sizes; some are as large as a pigeon t 
egg, and the value increases with the size, in a very rapid ratio. 

14* 
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Uses. The diamond is the most valued of getns : used in 
jewelry, and for ihe purpose of cutting glass. 

The other kinds of carbon are the following : 

Plumbago. This is carbdn nearly pure, containing four 
or five per cent, of iron. It is sometimes called black leadj 
and used for pencils, crayons, etc. It is found native in prim- 
itive formations, and is. next to the diamond in purity. 

Anthracite is a species of fosil coal, the next in purity. 

Bituminous coal is similar to the preceding, with the addi- 
tion of bitumen, when the bituminous, and volatile matter is 
driven off by heat ; it is called coke^ which is nearly pure 
carbon. 

Peat is an impure kind of carbon, containing uncarbonized 
vegetable matter, mixed with earthy substances. 

Lampblack is a kind of carbon which is obtained by the 
combustion of turpentine, pitch-pine, camphor, and almost 
any species of combustible matter, containing carbon. It is 
deposited from Hame in the form of a fine black powder. 
For use in the arts, it is chiefly made by turpentine manufac- 
turers, from the refuse resin. This is burned in a furnace, 
and the smoke, carrying up the carbon, is conducted to a room 
hung with sacking, upon which the lampblack is deposited. 
It is collected and sold without further preparation. It is used 
extensively as a paint — that from camphor is the best 

Ivory black is a kind of lampblack obtained from burning 
bones, sometimes called animal charcoal. 

Charcoal, If wood be burned in the open air, nothing re- 
mains but ashes ; but if the air is mostly excluded, so that it 
undergoes a smothered combustion, a black brittle substance 
remains called i:harcoaU which is nearly pure carbon. 

Processes. I. For the common purposes of fuel, it is pre- 
pared by forming the wood into {i conical pile and cover- 
mg it with earth. The combustion is slow, in consequence of 
the small quantity of air which is admitted ; the volatile parts 
are driven off, and the carbon remains. 

2. It is also prepared by distillation of wood, in large iron 
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cylinders. Thfs is the mode of preparing it for the manufac- 
ture of gunpowder. Beside the charcoal, two valuable sub* 
stances, the pyroligneous acid, and tar are obtained. 

3. But the purest charcoal is prepared by charring wood 
under sand, or melted lead. It should be put immediately in- 
to bottles, corked tight, to exclude the air. 

Properties. Carbon is a black, brittle, shining, inodorous 
substance, easily pulverized, a good conductor of electricity, 
and a bad conductor of caloric. 

ft is the hardest substance in nature. Common charcoal 
appears soft, but this is in consequence of its pores. If rubbed 
upon glass it will scratch it. 
It has the property of absorbing various gases. 

Exp. Heal a piece of charcoal and plunge it into merc\iry 
until cool, then place il under a glass receiver over mercury. 
In the course of twenty-four or thirty-six hours, it will absorb 
of ammonia, 90 times the volume of the charcoal : 

Hydrochloric acid, 
Sulphurous ftcid, 
Hydrosulphuric acid, 
Protoxide of nitrogen, 
Carbonic acid. 

The gases will be given up again by heating the charcoal, 
or partially by plunging it into water. 

Theory. This power cannot be attributed wholly to chemical action, 
but is due to the porous texture of the charcoal, and the gases ap- 
pear to be absorbed in the same manner that sponges and other po- 
rous bodies absorb liquids. The property is most remarkable in the 
compact varieties, such as that from box-wood, where the pores are 
numerous and small. By reducing it to powder, this power is di- 
minished. In plumbago, and in the diamond it is wholly Wanting. 

Bat how does this account for its absorbing more of one gas than 
of another .' Chemical affinity has doubtless some influence, but it is 
mostly due to the elasticity ot i\ie gases. Those gases easily convert- 
ed into liquids, are absorbed in greater quantities, than those more 
permanent ; hence vapors are absorbed more easily than gases, and 
liquids than ether. Hence, too, charcoal when exposed to the air, or 
other gases, increases in weights* 

• The increase varies with the kind of wood from which it is made ; 
according to the experiment of Allen and Pepys, charcoal from fire 
gains 13 per cent , lignum vitae 9.6 per cent. ; that from 

Box, 14. I Oak, IC.5 

Birch, 16.3 I Mahogany, 18. 
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The absorption is the most rapid duriog the first twenty- 
four hours ; it absorbs oxygen from the air more rapidly than 
nitrogen. 

It also absorbs the odoriferous^ and coloring principles from 
most animal^ and vegetable substances. 

Exp, Pass ink through pulverized charcoal, and the color 
will be discharged. Red wines, rum and brandy may be ren- 
dered colorless by filtration through it. It is used extensively 
for refining sugar,, and for preparing colorless crystals of ci- 
tric acid, and other vegetable productions. Stagnant water, 
and most animal and vegetable substances, in a putrescent 
state, will be cleansed and purified by this substance ; hence 
its use to purify docks, vessels, etc. Prutrescent meat is pu- 
rified by rubbing it with charcoal, and generally all substances 
subjected to putrescence, may be preserved for a long time, 
by surrounding them with charcoal. In consequence of this 
property, it is used in medicine as an antiseptic in putrescent 
diseases. Animal charcoal is the best for these purposes, and 
as its efiicacy depends upon its power of absorption, it should 
be heated to expel all the gas, before it is used, or kept in well 
stopped bottles as soon as prepared. 

It is very combustible. It requires a strong heat to ignite 
it, but then it will burn for a long time, the oxygen of the air 
uniting with it and forming carbonic acid.* In consequence 
of this property, t7 is one of the most useful substances in nor 
ture. 

It is the most durable substance knovm. Grains of wheat 
and rye charred in Hercutaneum by the volcanic eruption, 
A. D. 79, were easily distinguished from each other, eight- 
teen centuries afterward ; an arrow head has been charred so 
as to preserve the form of the feather. The stakes driven down 
in the bed of the Thames, by the Britons, to prevent the army 
of Julius Caesar from passing the river, were discovered about 
fifty years since, and were all charred to a considerable 
depth. They were as perfect as when driven ; were made 
into knife handles, and sold as antiques at a high price. 
Farmers char their troughs and posts to prevent decay. 

Jt is infusible by any degree of heat, except that from a 



•Large quantilies of powdered charcoal often igniU svontaneousIVf 
owinff doubtless to the small quantity of potassium which isgeneralfy 
found in connection with it. 
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powerful galvanic battery, and in this case there is reason to 
doubt, whether there is a fusion of anything but some impa- 
rities. 

Uses, The uses of carbon have already been stated, and 
are generally well known. It is one of those substances which 
are indispensable to the wants, to the existence of our race ; 
and the Creator has given us, in its character and abundance, 
the most decisive proofs of his wisdom and benevolence. 

Carbon possesses extensive powers of combination, and 
fonns a class of substances of great and permanent utility in 
chemistry, the arts, and the common business of life. 

Carbonic oxide. Symb, CO or C. Equiv. 6.12+8=1412. 
Sp. gr. 0.9727, air = 1. 

History. Discovered by Priestly by the distillation of 
charcoal with the oxide of zinc ; but its composition was first 
determined by Mr. Cruickshank. 

Process. The best and most convenient mode of obtain- 
ing this substance, is to put two parts of well dried chalk, pul- 
verized, to one of iron filings into a gun-barrel, and raise the 
temperature to a red heat. The gas may then be collected 
over water ; it may be obtained also, by heating the oxides 
of several of the metals with powdered charcoal. 

Theory. Chalk is composed of carbonic acid, and lime. One equiv- 
alent of oxygen contained in the acid, goes to the iron, and converts 
the acid to the carbonic oxide ; oxide of iron, and lime remain, or CO* 
4- CaO and Fe are converted into FeO, CaO, and CO. 

Properties. A colorless insipid gas of an ofiTensive odor. 
It is highly inflammable^ and burns with a pale blue flame, 
when a lighted taper is plunged into it ; but does not support 
combustion. A mixture of one part of oxygen, to two of the 
gas, t5 explosive ; the result is carbonic acid. It is destruc' 
tive to animal life ; an animal immersed in it soon dies ; when 
diluted with air, it causes fainting i^nd giddiness. 

Carbonic acid. Symb. C4-20, CO® or C. Equiv. 6.12-|- 
16=22.12. Sp. gr. 1.5239, air = 1. 

History. Discovered in 1757 by Dr. Black, who called it 
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jixedair* This was the first gas known, except the atmos- 
phere, and laid the foundation o( pneumatic chemistry. 

Natural History. Carbonic acid exists very abundantly 
in nature, generally in combination with lime, forming the 
carbonate of lime, or marble. 

Process. It is obtained by the combustion of the diamond 
in oxygen gas, or by burning charcoal in the air, or oxygen ; 
but it is more easily obtained by decomposing some of the 
carbonates. Take pulverized carbonate of lime, (marble or 
chalk,) in a glass retort, and pour on sulphuric or hydrocldo- 
ric acids, diluted with five or six parts of water, and collect 
over water, or in a globe-receiver, in the same manner as hy- 
pochlorous acid gas.f (See page 128.) 

Theory. In this process, the sulphuric acid combines with th# 
lime, forming the sulphate of lime, and liberates the carbonic acid. 
SO», CO»4-CaO are converted into SO^+CaO andCO«. 

Properties. It is colorless, inodorous, and elastic, requiring 
a pressure of thirty-six atmospheres, 540 lbs., to the square 
inch, to condense it into a liquid — more than 1^ times as 
heavy as atmospheric air, and hence may be poured from 
one vessel to another, like water. 

It is neither a combustible nor a supporter of combustion. 

Exp. Into a jar of carbonic acid, let down a pendant can- 
dle. It will be extinguished as soon as it reaches the gas, or 
it may be poured upon the candle from a vessel. The flame 
does not cease from want of oxygen, since four measures of 
air, and one of carbonic acid, will extinguish flame ; hence a 
positive influence is exerted upon it. 

It is rapidly absorbed by water. 

Exp. If a small quantity of water be agitated in a bottle 
containing carbonic acid gas, it will soon absorb it and acquire . 
acid properties. Recently boiled water will absorb one vol. 
of the gas at the common temperature and pressure, but in- 

* Its composition was first demonstrated synthetically, by Lavoi- 
sier, who obtained it by the combustion of charcoal in oxygen gas. 
Smithson Tennant proved its composition analytically by passing th9 
vapor of phosphorus over chalk, heated to redness in a glass tube. * 

t If intended to be kept long, it should be transferred from the cii- 
tern in bottles, as the water rapidly absorbs it. . 
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creases in itsi absorbing power in proportion to the pressure 
applied. It absorbs twice its vol. when the pressure is doub- 
led ; three times its vol. when the pressure is trebled, etc. 

Water may be acidulated with it, by employing WoulPa 
apparatus in the same manner as with hydrochloric acid. (See 
page 144.) In the common soda fountains, the water is con- 
fined in a strong brass, or copper vessel, and charged with 
the gas by a forcing pump. The pleasant pungent taste, and 
sparkling appearance of fermented liquors, soda, and seidlitz 
waters, and the waters of many mineral springs, are due to 
the carbonic acid which they hold in solution. The water 
saturated with it, makes a pleasant and healthful drink. 

The acid escapes on exposure to air and heat. Hence all 
such drinks soon become insipid. jFV^. 65. 

Exp, Place a tumbler of water (fig. 
65.), saturated with this gas, under the 
receiver a of an air pump 6, and exhaust 
the air. The gas will escape so rapidly 
as to present the appearance of boiling. 
Any of the fermented liquors will pro- 
duce a similar phenomena. 

If the water saturated with the acid, be 
rapidly congealed, the frozen water has 
the appearance of snow, its bulk being 
greatly increased by the immense num- 
ber of bubbles formed by the liberated gas. 

It is an acid as shown by chemical tests. 

; Exp, Put a piece of litmus paper into water saturated with 
it, and it is turned red ; but by heat, or exposure to the air, the 
color returns, owing to the escape of the acid. 

This is not the case with any other acid ; the colors they 
form, are generally permanent unFess changed by alkalies. 

The best test of carbonic acid is lime water j which is ren- 
dered turbid by the gas. 

Theory, Carbonic acid unites with the lime which the water hold* 
in solution and forms the carbonate of lime, which is soluble in wa- 
ter, and is precipitated in fine powder. This gives to the water a 
milkv appearance. If, however, you continue to add carbonic acid, 
it will dissolve the carbonate, and the water will become clear again, 
carbonate of lime being very soluble, in excess of carbonic acid. 
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Solidification of carbonic acid. It has lately been ascer- 
tained, that when tho gaseous carbonic acid is subjected to a 
pressure of thirty-six atmospheres, it is condensed into a li* 
quid, and at -85° into a solid resemWing compact snow.* 
. Relations to animal life. Although water saturatecl with 
caTbonic acid proves a healthful and invigorating drink^ the 
free acid cannot be taken into the lungs without producing al* 
most instant death ; in fact the glottis closes at its approach, 
and will not suffer it to enter. If it be diluted with air, it acts 
upon the system as a narcotic poison ; an animal thrown into 
it is usually suffocated.f Carbonic acid is heavier than the 
air, and hence often remains in wells and deep pits, where it 
is generated, and called by the miners choak damp. Before 
<]escending a candle should be let down, and if it will not burn, 
life cannot be supported. The acid may be absorbed by pour- 
ing down large quantities of water. It may be partially ex- 
pelled by exploding gunpowder near the bottom ; or it may 
be drawn up with large buckets. 
Production of carbonic acid. Causes are in constant ope- 

* Mr. Faraday first condensed carbonic acid into a liquid by plac- 
ing carbonate of ammonia in one end of a strong glass tube, bent 
twice at right angles, and sulphuric acid in the other end, which is 
sealed hermetically. When the acid is poured upon the artimonia, 
it combines with it and liberates the gas^ which by the presfure is 
condensed ; but this process is attended with much danger, firom the 
bursting of the tube. A safer method has been contrived by Thillo- 
rier in which the gas is condensed in a strong metallic cylinder. By 
allowing the liquid acid to escape through the stop-cock, it ex panels 
so rapidly as to become frozen, owing to the absorption of its sensilile 
caloric. A reduction of temperature to -1C2® is said to have been 
produced by this means. The solid acid thus formed, is about the 
weight of carbonate of magnesia, perfectly white, and of a soft, spon- 
gy texture. It evaporates so rapidly that mercury and even alcohol, 
sp. gr. .820, are frozen. According to the experiments of Mitchell 
of Philadelphia, the greatest cold produced by the solid acid in the 
air was -109°, and under an exhausted receiver -136". The pressure 
at 32o was 36 atmospheres, at 60**, 60 atmospheres, and at 86"*, 72 at- 
mosphenps, or 1290 lbs. to the square inch. When obtained in a li- 
quid form in a glass tube, it is colorless and extremely fluid. In at- 
tempting to open the tubes at one end, they uniformly burst into 
fragments with violent explosions. 

i Caution. This gas is always produced in burning charcoal, and 
hence the danger and criminality of placing pans of hot coals in 
sleeping apartments, or in rooms not ventilated by a chimney. The 
acid gradually mixes with the air, causing drowsiness, and even 
death, before the person can escape. £very year adds new proo£i, 
in the loss of many lives, to the folly and danger of such practices. 
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ration to form carbonic acid, and throw it off into the atmos- 
phere. It is evolved in great quantities from the earth, from 
ordinary combustion, and by the respiration of animals. In 
the two last cases, the oxygen of the air is consumed, and car* 
bonic acid takes its place ; hence we should expect, if there 
were nothing to counteract this process, that the whole atmos* 
phere would, in time, be rendered unfit to support respiration ; 
but not more than xtAtit P^^ of the atmosphere is carbonic acid. 
In places near cities, or where it is evolved from the earth, the 
proportion may be greater. This tendency, however, may be 
-counteracted by the vegetable kingdom. During the daytime, 
plants absorb carbonic acid, decompose it, retain its carbon, 
and throw off its oxygen. In the night the process is revers- 
ed, oxygen is consumed, and carbonic acid is thrown off; but 
more of oxygen is emitted in the daytime than is consumed 
in the night, more carbonic acid also is consumed during the 
day than is given off during the night. The balance from this 
process is needed to meet the demands of the animal kingdom, 
which constantly consumes oxygen, and generates carbonic 
acid in the process of respiration. Thus the equilibrium of 
the atmosphere is preserved, and both kingdoms flourish to- 
gether. 

Exp. That carbonic acid is given off in respiration, may be shown 

by breathing witk a quill through lime-water, which will becom* 
turbid. This fact enables us to understand the process of 

.„„ Respiration. The blood, in its progress through the sys- 
tem, becomes filled with carbon, which gives to it a dark co- 
lor. When it passes into the lungs, the air is brought in con- 
tact with it ; the carbon unites with the oxygen, forming car- 
bonic acid, which is expelled, and the blood is changed to a 
bright red ; it is now fitted to nourish the system. Some 
suppose that the oxygen enters into the blood, and that the com- 
binatbn takes place during the course of circulation, but which- 
ever theory be adopted, carbonic acid is thrown off, and oxy- 
gen is consimied. Hence in crowded assemblies, great quan- 
tities of this gas are formed, and as a consequence, dullness, 
and fainting of\en ensue. Hence, also, the necessity of hav- 
ing large public rooms well ventilated. 

Dichloride of carbon. Symb. C«Cl. Equiv. 12.24-f 35.42=47.G(i. 
Was discovered by M. Julin. It occurs in small, sofl, adhesive fibres, 
of a white color, of a peculiar odor resembling spermaceti, and is taste- 
less ', burns with a red flame, emitting much smoke, and fumes of hy- 
drochloric acid gas. 

15 
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Pratoehloride of carbon, Symb. CCl. Eqalv. 6.124^.43=41.54. 
It is obtained by passing the yapor of perofaloride of carbon through 
a heated glass tube, filled with fragments of rock crystal, to increase 
the heated surface. It is a Umpid, colorless liquid, density 1.5526. 

I CUoride of carbon. Symb. C^Cl*. Eqoiv. 24.48+177.1=201. 
58. Discovered by Liebi^, and sometimes called the new ehlorids 
of Liebig ; obtained by boiling chloral with a solution of lime, po- 
tassa, or baryta. It is a limpid, colorless liquid, similar in odor and 
appearance to the oily fluid which chlorine forms with olefiant gas ; 
density, 1.48, boils at 141® Far. 

Percklonde of carbon. Symb. C«C1». 12.24-f 106J36=1 18.5. Dta- 
covered by Faraday. When olefiant gas is mixed with chlorine, 
combination takes place between them, and an oil-like liquid is form- 
ed, consisting of carbon, hydrogen, and chlorine. Expose this liquid, 
in ajar of chlorine, to the solar rays, and hydrochloric acid is set free, 
and the chlorine unites with the carbon. 

Properties. At common temperatures, it is a colorless, transparent 
solid, of an aromatic odor, resembling that of camphor, fuses at 320*, 
and boils at 3(30o. 

CklorO'Carbonic acid. Symb. O+C+Cl. Equiv. 8+6.1 2+35. 42b= 
49.54. This singular compound of oxygen, chlorine, and carbon al^ 
fordsa somewhat unusual instance of two acidifying principles, unit- 
ing with one base to form an acid. It was discovered by Dr. Davy, 
who called it Phosgene gas. It is formed by exposing equal vols, of 
chlorine and carbonic oxide to the solar rays, when rapid, but silent 
combination takes place, and they contract to one half their volume. 

Properties. A colorless gas with a strong odor, reddens litmus 
paper, and combines with four times its vol. of ammoniacal gas. Wa- 
ter, and several of the metals decompose it. 

C^^oi^symb. C'CI^O*. Equiv. 299.60 — is a new compound of 
carbon, oxygen, and chlorine, discovered by Liebig, and prepared by 
the mutual action of alcohol and chlorine. It is a colorless, trans- 
parent liquid, of a penetrating, pungent odor, nearly tasteless, oily to 
the touch ; density 1.502, and boils at 201*. 

Periodide of carbon was discovered by Serullas, and is obtained 
by mixing an alcoholic solution of pure potassa, and of iodine. It 
forms crystals of a pearly lustre, sweet to the taste, and of a strong 
aromatic odor resembling saffron. 

The protiodide is formed by distilling a mixture of the preceding 
compound with corrosive sublimate. It is a liquid of a sweet taste, 
and penetrating, ethereal odor. 

Bromide of carbon. — Formed by mixing one part of periodide of car- 
bon with two of bromine : two compounds are formed, the bromUU 
of carbon and the sub-bromide of iodine; the latter is removed by a 
solution of caustic potassa. It is liquid at common temperatures, but 
crystallizes at32o Far. ; sweet to the taste, and of a penetrating, ethe- 
real odor; distinguished from the protiodide by 'the vapor wnich it 
emits on exposure to heat. 
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Carbon and Hydrogen, 

^ Two compounds of carbon and hydrogen have been known 

for some time, but of late tlie number has been increased to 
at least twelve. 

-Dicarburtt of Hydrogen, Symb. C-f 2H or CH«. Equiv. 

6.12+2=8.12. Sp. gr. 0.5593, air =1. 

History, This substance is generally known under the 
name of lighl carburetled hydrogen. The names heavy in- 
Jlammable air^ the inflammable air of marshes^ and hydro- 
carburet^ have also been applied to it ; but taking carbon as 
the electro-negative element, it is nrare agreeable with the 

'- "principles of nomenclature to call it a dicarburet of hydrogen, 
Dalton first ascertained its real nature, but it was subsequently 
examined by Davy, Thompson and Henry. 

Process, This gas is formed naturally by the decomposi- 
tion of vegetable matter in marshes. It may be obtained by 
inverting a receiver in almost any stagnant pool, and stirring 
the sediment at the bottom. In this state it contains one 
twentieth part of carbonic acid, and one fifteenth of nitrogen ; 
the former may be removed by lime-water, or pure potassa. 
This is the best mode to obtain the pure cas. 

It is formed also by the distillation of mineral coal, con- 
taining carbonic acid and olefiant gas ; the former may be re- 
moved by lime-water, the latter by chlorine. 

Properties, Colorless, tasteless, and nearly inodorous. 
Water absorbs ^fj of its vol. It extinguishes all burning 
bodies, but is highly combustible. It burns in a jet with a 
yellow flame brighter than hydrogen ; destructive to animal 
life when respired ; partially decomposed by a very intense 
heat. 

Exp, Mixed with rather more than twice its vol, of oxygen, 
it is explosive ; exactly two volumes of oxygen are consumed, 
and the products are carbonic acid, and water. 

Expi Mixed with chlprine, and exposed to the solar light, 
it is decomposed, and hydrochloric and carbonic acids are 
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formed ; though the products will depend upon the quantity 
of chlorine. 

OUfiant gas or f carburet of hydrogen. Symb. 2C-J-2H. 
Equiv. 12.24+2=14.24. Sp. gr. 0.9808, air=l. 

History. Discovered in 1796 by some associated Dutch 
chemists, who called it olefiant gas from its forming an oil* 
like liquid with chlorine. It has been called hyduret of car* 
hon^ bicarburetted or percarburetted hydrogen^ but J carburet 
of hydrogen accurately designates its composition, and is, on 
this account, preferable. 

Prpcess. Mix in a large retort 1 measure of alcohol with 2 
of concentrated sulphuric acid, and apply the heat of a spirit- 
lamp. The mixture soon turns black, and rises up in the re- 
tort ; the gas is rapidly disengaged, and may be collected over 
water or mercury ; carbonic and sulphuric acids are formed 
during the process, and may be separated by pure potassa or 
lime-water. 

Theory. Alcohol i« a eompoand of olefiazrt gtff mad water. The 
vulphoric acid unites with the water, and the gas is evolved. C'U'O 
and SO^ are converted into SO*, HO and C*H*. At the commence- 
ment of the process ether is formed, which differs from alcohol by 
having 2 equiv. of olefiant gas combined with water, while alcohol 
has but one. The ether is condensed in the cistern. 

Properties. It is a colorless, tasteless gas, and has scarcely 
any odor when pure. Water absortra i of its volume. Ii 
extinguishes a lighted taper when immersed in it, and there* 
fore does not support respiration. It burns with a clear white 
light. 

3K%ed with oxygen it is highly explosive. 

Exp. Mixed with oxy^n in the proportions of 1 vol. of the 
gas to 3 of oxygen, and kindled by flame, or the electric spark, 
it explodes with great violence. This may be shown by the 
gas-pistol. There is, however, much danger of burstins the 
pistol ; glass vessels should not be employed to explode it. 

Exp, Bubbles of the mixture may be passed up through 
the water of the cistern, and exploded upon the surface ; but 
care should be taken that the fire is not communicated to the 
vessel containing the mixture, through the bubbles as they rise. 
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It is decomposed by heat By passing it through a poree- 
laiD tube at a low red heat, charcoal is deposited, and the bicar- 
buret evolved, which, at a white heat, is also decomposed. It 
is also resolved into hydrogen and carbon by a succession of 
electric shocks. 

Action of Chlorine, When two volumes of chlorine and 
one of olefiant gas are mixed and ignited, they burn rapidly 
and form hydrochloric acid, while the carbon is deposited ; 
but if the gases remain at rest, they slowly combine and form 
an oily liquid of a yellow color, called chloride of hydro- 
carbon, 

J Carburet of hydrogen^ etherint. Syrnb. 4C-(-4H. Equiv. 24.48-f- 
4=2S.4S. Sp. gr. 0.027, water= I. Was first obuined by Faraday 
in the process of compressing oil gas inta strong copper globes, for tbe 
supply of portable gas. It is a highly volatile liquid, the lightest li- 
quid body known. At 60^ it is excetnlinuly combustible, and bums 
with a brilliant flame. 

% Carburet of hydrogen— Symb.fjC'^H. Equiv. 3().7*i-f-a=39.72. 
Sp. gr. 0.85 — was obtained by Faraday from the same oil gas liquid 
which yielded etherine. At common temperatures it is a colorless 
transparent liquid, smells like oil gas, with a slight odor of almonds, 
it is highly combustible, and forms with oxygen a powerful detonating 
mixture. 

Parrafjiju is a compound of carbon and hydrogen obtained by the 
distillation of the petroleum of Rangoon, and also by that of tar, de* 
rived from beech wood. It is a fatty substance without taste or odor, 
and burns with a pure, white flame. 

Ettpione diflers from tbe preceding compound only in containing* 
smaller portion of carbon. It is obtained by distillation of the tar 
derived from bones or horns. It is a tasteless, inodorous liquid, simi- 
lar to oils, but as limpid as alcohol. 

JVaphtha-^3ymh.6C+ryH. Kq. 36.72-f 5=41.72. Sp.gr.ft.753—- 
is obtained from coal tar by distillation, [t is a volatile, limpid liquid, 
of a strong, peculiar odor, and generally of a light yellow color. It 
is very iTtflamnutble, burning with a white flame and much smoke. 
It is used to preserve potassium. 

J\raphthaliru—Symh. C^m*. Equiv. 61 .2+4 = 0.5.2 — is obteined 
in the same manner as the preceding compound. It is a white crys- 
talline solid, heavier than water, has an aromatic pungent taste, ukI 
faintly aromatic odor. With sulphuric apid it forms a compound, 
first described by Faraday in 1826, under the name of sulpho-napk- 
thaiic acid, which has a bitter taste and acid properties. 

Paranaphthaiine—Qymh C>*H«. Equiv.9l.8-(-6«07.8— is allied to 
the pfeoedingi and obtained fVom coal tar. 

15» 
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Idrialine h also similar, and obtained from a mineral in the qotck- 
silver mines at Idria in Carniola. 

Champhene and CUrene. Symb. C><>H». Equiv. 6l.2-f-ft=69J2. 
Champbene is the basis of camphor ; ealorUsSf volatile, and inflam- 
mable ; odor like the oil of turpentine. Citrene is almost the sole 
ingredient of the oil of lemons. 

*—€ras lights. 
History. The gas, now so generaify employed for the 
purpose of lighting cities, is probably a mixture of several of 
_^he preceding substances, composed mostly, however, of okfi' 
ant gas. This gas was first employed for the purposes of 
illumination by Dr. Clayton in 1739, but was soon given up 
for more than sixty years. The subject was investigated 
about fiAy years since by Mr. Murdock ; and since that time 
gas lights have come into general use, both in Europe and 
America. The gas was obtained chiefly from the distillation 
of coal, but that obtained from oil (spermaceti the best) is 
much purer, and possesses a greater illuminating power. Gas 
from rosin is about equal to that fronn oil. 

'.. JProcess. When oil is used, several lai^e cylindrical cast 
iron retorts are laid across a furnace, and partially filled with 
brick and bits of iron to increase the heated surface. The oil 
is contained in a reservoir, and conveyed to the retorts by sepa- 
rate tubes. When the retorts are heated to the proper tem- 
perature, the oil is admitted by a stop-cock in a small stream, 
so that it is immediately decomposed, and the gas passes out 
of the retorts by other tubes, running into a large one which 
conveys it to the gasometer.* 

When coal is used, the process is similar ; gas needs to be 
■ purified by passing it through lime-water to deprive it of car- 
bonic acid and other impurities which give it a very disagree- 
able odor; 112 pounds of coal yield from 450 to 500 cubic 

* The gasometer is made of iron, in some cases 40 feet in diameter 
and 20 feet high, containing 30,000 eabic feet. This is immersed in 
a vat containing water, and the air permitted to escape by a valve in 
the top. When it is filled with water, the gas from the large pipe is 
condacted to the bottom, and passes up through the water into the 
gasometer, which rises aa fast as it is filled. The eas is now con- 
veyed in a cast-iron pipe, laid under ground, to which small pipes 
9^ attached, branching off to every part of the city where it is wanted. 
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feet of gas ; sp. gr. 0.450 to 0.700 ; and ^ cubic foot of fg^ 
per hour is equivalent to a candle, six to the pound, burning 
during the same time. But oil gas, though much more ex* 
pensive, possesses nearly twice the illuminating power. Ac* 
cording to Henry, it requires vessels and tubes of but half the 
size. 20 cubic feet of coal gas, or 10 of oil gas, is equal %q a 
pound of tallow.* 

Portable gas. In consequence of the greater cheapness of 
gas lights, as compared with candles and oil, it seemed de« 
sirable to contrive some method by which it could be made 
portable. This object has been effected by what are called 
portable lamps. The gas, by means of a forcing pump, is 
compressed into strong brass globes, and ignited as it escapes 
through an aperture which is furnished with a stop-cock to 
regulate the quantity. These can be carried about like com- 
mon oil lamps. For this purpose, the gas obtained from rosin 
is employed. 

- ^ Fire damp. This term is applied to several gaseous com* 
pounds of carbon and hydrogen, which are produced in the 
mines of bituminous coal. It is mostly light carburetted hy- 
drogen, and is produced by the decomposition of the water 
by the coal. It issues from various parts of the coal beds, in 

. such quantities as to render the whole atmosphere of the mines 
explosive, itnd often irrespirable. Hence the miners were 
exposed to frequent explosion and to suffocation. Many ex- 
plosions have occurred in the coal mines of England : the 
older mines extend miles under the ground, and, in some ca- 
ses, are several hundred feet deep. As the gasses are lighter 
than the air,. they rise and mingle with the air near the top, 
and gradually descend until they reach the miner's lamp, when 
the whole is instantly exploded.f In consequence of the 
great expense of human life, and the constant fear of the mi- 

-ners. Sir H. Davy undertook the investigation of the subject 
for the purpose of inventing some means of safety. He went 
with the mmers into the region of the fire-damp, obtained 

""Coal gas costs about two thirds as mueb as oil gasjanddboatone 
fiflh as much as spermaceti candles. 

t In 1812, an explosion occurred in Felling colony in Northumber- 
land, by which ninety-two men lost their lives. The explosion was 
heard three or four miles; thirty-two persons only- were saved alive. 
In 1815) a similar occurrence happened at Durham, and destroyed 
fifty- seven persons — and in another, twenty-two lost their lives. 
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specimens of the gas, and subjected it to chemical exaroinatioiL. 
He found that the most explosive mixture was 1 part of gas 
to 7 or 8 of air ; 5 or 6 vols, of air would explode but feebly, 
and above 14 vols, of air to 1 of gas did not explode at aU. 
was also found, that it required the heat of flame to ex* 
plode it. Iron at a red heat, and even at a white heat, would 
"^not affect it. But the fact which led immediately to the in* 
vention of the safety lampy had been observed by Dr. Wollas- 
ton, that ^' €m explosive mixture cannot be kindled in a glass 
tube so narrow as j^ of an inch in diameter.** It was also no- 
ticed, that the mixture could not be exploded through fine wire 
sieves, or gauze wire, which acts on the same principle as 
longer tubes. 

Exp. Place the gauze F/>. 60. 

wire a (fig. 66.) over a jft 
of the gas, the flame nmv 
be pre6.sed down, and will 
not pass through the wire. 

Exp. Let a stream of the 
gas pass through the wire 
Cf the gas may be ignited 
on the top of the wire, 
but will not communicate 

through it to the tube b. The same is true of fl^ine 
by whatever substance it is produced. The ^lyire 
conducts oiF the heat, so that they do not gain the 
temperature requisite to ignite the gas. 

Safety lamp. This consists simply of a 
common lamp a (fig. 67.) with a gauze wire 
b surrounding the flame. The wire should 
have at least 625 apertures to the square inch. 
Furnished with this lamp, the miners can en- 
ter the mines in perfect safety from explosion, 
but are exposed to suffocation, when there is 
not sufficient oxygen in the mines to support 
the combustion of the oil. 



I^^^l^ 




Fig. C7 




^ Carbon and Nitrogen, 

Bicarburet of nitrogen, or cyanogen.." Symb. NC^or Cy, 
Equiv. 14.15+12.24=26.39. Sp. gr. 1.804, air = 1. 

Hiitory. This gas was discovered in 1815, by Gay Lus- 
sac. It is sometimes called nituret of carbon, but bicarburet 
of nitrogen expresses definitely its composition. 
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Process. It is obtained from the bic3mDuret of mercury, 
W heating the salt in a small glass retort, with a spirit lamp. 
The retort should be covered with lute to prevent its melting. 
At a red heat, it is resolved into its elements. The cyanogen 
passes over in the form of a gas, and the mercury is sublimed 
and remains in the neck of the retort in small globules. Col- 
lect over mercury, or air. 

Properties. This gas is colorless, with a strqpg, pungent 
odor ; not a supporter of combustion, but burns itself with a 
beautiful purple flame, resembling the peach blossom. Wa- 
ter, at the common temperature and pressure, absorbs 4 J^ times 
its vol., and alcohol 25 times its volume. At the temperature 
of 45° and under a pressure of 3.6 atmospheres it is conden- 
sed into a limpid liquid, but resumes the gaseous state when 
the pressure is removed. The most remarkable chemical 
property of this substance is, that it acts like a simple body in 
most of its combinations, forming substances consisting of three 
elementary bodies, analogous to those formed in other cases 
hy two. 

Cyanic acidSymh. Cy+0. Equiv. 26.39-|-8=34.39— 
may be obtained by exposing cyanuric acid to a dull red heat 
It has a penetrating odor, pungent, and caustic to the skin, 
producing greai irritation of the eyes ; very volatile, giving 
ofifan inflammable vapor. 

Fuhninic acid. This is isomeric with the preceding, i. e. 
identical in composition, but possessed of different properties. 
It is called fulminic because its compounds of mercury and 
silver are highly explosive. 

Cyanuric aciU— Symb. Cy^O^H^. Equiv. 130.17,— was 
obtained by Serullas by gently boiling bichloride of cyanogen 
in water : cyanuric and hydrochloric acids are the results. 
The hydrochloric is removed by evaporation, and the cyanuric 
deposited on cooling, in oblique rhomboidal crystals. The 
crystals are further purified by solution and evaporation. 

Paracyanuric acid is identical in composition with the pre- 
ceding, but different in properties ; it results from the sponta- 
neous decomposition of hydrous cyanic acid. 

Chloride of cyanogen. Symb. Cy-j-Cl. Eq. G1.81. First obtained 
in a pure state b^ Serullas in 1829, uj exposing bicyanuret of mer< 
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eorj in powder, and moistened with chlorine gas in a well stopped f iai. 
It congeals at zero in needle-shaped crystals ; is liquid between 5**and 
IQo, but above this it is a colorless gas, of a very offensive odor, irri- 
tating to the eyes, corrosive to tlie skin, and highly injurious to ani- 
mal life. 

Bichloride of tyanogeh, Symb. Cy-|-2C1. Eq. 97 23. Discovered 
also by Serullas, by putting 155 grains of pure hydrocyanic acid into a 
bottle containing sixty cubic inches of dry chlorine, and exposing it 
to the solar rays. The acid is vaporized, and in the course of a few 
hours, a colorless liquid is formed on the surface of the bottle, (gradu- 
ally growing^hicker, until, in the space of twenty-four hours, it sets 
into a white solid with shining crystals. This is the hicMirride of 
ryanogen. It is exceedingly poisonous, caustic to the taste, and pen- 
etrating odor similar to the chloride. 

Bromide of cyanogen is similar to the preceding. 

Hydro-cyanic acid, or Prussic acid, Symb. Cy-|-H. Eq. 
26.39+1=27.39. Was discovered by Scheele in 1782. Ber- 
thollet afterwards ascertained that it was a compound of car- 
bon, nitrogen, and hydrogen ; but it was first procured in a 
pure state by Gay Lussac. 

Process. The best process is that of Vanquelin. Fill a 
narrow tube placed horizontally, with fragments of bicyanuret 
of mercury, and then pass a current of dry hydrosulphuric 
acid gas very slowly through it. Double decomposition en- 
sues as soon as the gas comes in contact with the bicyanuret 
and hydro-cyanic acid, and bisulphate of mercury are form- 
ed. . When the bicyanuret becomes black, the acid is expelled 
by a gentle heat, and collected in a receiver surrounded with 
ice. 

Properties. It is a limpid, colorless liquid of a strong, but 
agreeable odor, similar to that of peach blossoms. It ex- 
cites at first a sensation of coolness on the tongue, which is 
soon followed by heat, but when diluted, it has the flavor of 
bitter almonds, exceedingly volatile, boils at 79^, and con- 
geals at zero ; unites with alcohol and water in all proportionst 
but possesses very feeble acid properties. 

It is a most virulent poison, A single drop, if placed on 
the tongue of a dog, causes instant death. A girl swallowed 
a small quantity of it diluted with alcohol, and fell instantly, 
as if struck with lightning, and died in two minutes. 
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depmed of life in a few minutes. Bot tboo^ a most potent 
poison in its pore state, when much diluted, it has lieen em* 
ployed as a medictne in cases of consumption, with beneficial 
effects. This, like many other violent poisons, cannot be em* 
ployed for criminal purposes, without the almost certain ride 
of being discovered. It exists in the laurel, peach, and in 
beef^steak. 

Sect. 8l Struniui. "^ "^ * 
Sjrmb. S. Equ.v. J / ^^ j^ , Sp. gr. J ^^ Water- 1. 

Sulphur has been known from the remotest antiquity. 
— "Natural History. It exists in nature, in a pure state, in 
the vicinity of volcanoes. It collects in the craters, either in 
fine powder, or in crystalline solids ; bot it exists more abun* 
dantly in combioation with the metals, forming the sulphurets 
of iron, copper, lead, silver, etc. from which it may be sub* 
limed by heat, but is not quite pure. It is found also in many 
mineral waters ; in many minerals, such as gypsum, sulphate 
of strontia, etc. ; in all animals, and some plants. 

Process, The sulphur of commerce exists in two states ; 



in rools, called rool brimstone, and in fine powder called /Cm^- 
ers of sulphur^ but the two varieties are readily resolved into 
each other by the application of heat. 

Exp. Heat a brick or small iron cup to nearly a red heat. 
Place upon it rool brimstone, and invert over it a belUglass 
receiver; the sulphur will sublitne^* i. e. pass into a fine pow- 
der like vapor, and collect on the sides of the vessel. 

Properties. Sulphur is a brittle solid, of a lemon yellow 

color, nearly tasteless, and inodorous except when rubbed or 
heated. It is a non-conductor of electricity, but becomes negth 
tively electrijied by friction; fuses at 216**; possesses the 
highest degree of fluidity between 230"" and 280'', and is of 

* This may serve to illustrate the proceii oi tvhlimation as applied 
to other substances. 
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atf amber color ; at 320^ it begins to thicken, acquiring a red 
tint ; between 428^ and 482*^, it is so tenacious as to remain 
in the vessel when inverted, but from 482^ to its boiling point, 
it grows fluid again^ and sublimes rapidly from 550° to 600° 
Far. 

. When cooled from the several temperatures above named, 
it possesses different degrees of consistency. Cooled sudden- ^ 
ly from the most fluid state, it is hard and brittle ; but if plun* 
ged into cold water between the temperatures of 320° and 
^ 482°, it is soA, and may be drawn out like wax ; cooled from 
the boiling point, it is of a deep red brown color, very sofl and 
transparent. It is prepared in this way for taking seals. The 
native crystals are octohedrons, with rhombic bases ; those 
formed artificially, occur in oblique rhombic prisms. 

Exp, Melt a few lbs. of sulphur in an earthen crucible, 
and when it is partially cooled pierce the crust so that the 
fluid parts may flow out ; on breaking the mass when cooled, 
the interior will exhibit a cluster of beautiful crystals. 

Sulphur is soluble in boiling oil of turpentine, which is a 
test of its purity. 

Impurities, It contains some hydrogen in its purest state, 
but the more common ingredients are earthy substances and 
arsenic, the latter is tested by ammonia. 

Uses. Employed extensively in the manafacture of gun- 
powder, for seals, medallions, and as a cement for iron. Used 
in medicine, for the diseases of the skin, humors, etc. The 
mi'tt o/'stt/pAi/r, which is sulphur combined with water, and 
precipitatea from some of its alkaline solutions by an acid, 
occurs in a grey powder, and is sometimes used in medicine. 

Hyposulphurous acid. Symb. 2S+20. Eq. 32.2+16= 
48.2. It is difficult to procure this in a pure state. It may be 
formed by digesting sulphur in a solution of any sulphite. 
It is distinguished by uniting with the oxide of silver, which 
separates the acid from soda. 

Sulphurous acid. Symb. S+20 or SO^. Eq. 16.1+16= 
32.1. Sp.gr. 2.21 17, air==L 
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Jlistory, Sulphurous acid appears to have been known 



from an early period. Stahl first pointed it out as a distinct 
substance, but its discovery in a pure slate, was made by Priest- 
ly in 1774, and accurately analyzed since, by Gay Lussac, 
and Berzelius. It exists in nature in the vicinity of volcanoes, 
and issues from the fissures in the craters, and from the lava, 
oflen in immense quantities. 

Process, Burn sulphur in common air, or in dry oxygen 
gas over mercury ; but the best method is to put two parts of 
mercury and three of sulphuric acid into a retort, and apply 
the heat of a lamp, and collect over mercury. 

Theory. The sulphuric acid has 3 equiv. of oxygen, one of which 
unites with the mercury, forming the oxide of mercury, which com- 
bines with some undecomposed sulphuric acid, and forma the suU 
phate of mercury which remains in the retort, and the sulphurous 
acid comeiB over in the gaseous state. The gas is heavier than the 
air, and can be collected in a man&er described on page 12S, fig. 51. 

Properties, A transparent, colorless gas, sour to the taste, 
and pungent suffocating odor, by which it is distinguished 
from all other gases ; extinguishes burning bodies, but is not 
combustible. 

It is irrespirable and fatal to animal life. When largely 
diluted with air, it excites coughing, and uneasiness about the 
chest ; when perfectly pure, it excites spasms of the glottis, 
which prevents its introduction into the lungs — of course, an 
animal confined in it, is instantly suffocated. It reddens vege- 
table colors, and then discharges them. 

Exp, Place a rose over an ignited sulphur match in the 
open air, and it will turn white ; hence it is used for bleach- 
ing straw, silk, and for removing fruit-stains from woollen 
cloths, etc. 

It has a strong attraction for water and oxygen. Water 
absorbs it so rapidly, that if a jar of the gas be inverted over 
it, the atmosphere will force the water into the jar with great 
violence ; recently boiled water absorbs 33 times its vol. 

Sulphurous acid will remain with dry oxygen whhout 
change, but if water be present, it combines with oxygen, and 
16 
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forms sulphuric acid. It instantly decomposes those oxides, 
the metals of which have a weak affinity for oxygen, such as 
those of gold, platinum, and mercury. Nitric acid yields io it 
one proportion of oxygen, and converts it to sulphuric acid. 

Liquid sulphurous acid. It becomes liquid by the pres- 
sure of two atmospheres, and even by surrounding it with a 
freezing mixture. In this state it is anhydrous, a little heav- 
ier than water ; sp. gr. 1.45, and boils at 14" Far. By its 
evaporation, it produces so intense a degree of cold, that mer- 
cury may be frozen, and several of the gases rendered liquid. 

It may he obtained in the solid form in crystals containing 
water, by passing the moist gas through a receiver, cooled 
from 50° to 14° Far. 

Hyposulphuric acid. Symb. 2S+50. Equiv. 32.2+40 
=72.2. This acid was discovered in 1819, by Welter and 
Gay LfUssac. 

Process. It may be formed by passing sulphurous acid 
gas through water containing peroxide of manganese. By the 
interchange of elements, the sulphate of the peroxide, And the 
hyposulphate of the protoxide of manganese are formed, the 
latter remains in solution. The manganese is thrown down 
by pure baryta, and the hyposulphate of baryta obtained, 
which crystallizes by evaporation, and is then decomposed by 
sulphuric acid, by which the sulphate of baryta is precipitated, 
and hyposulphuric acid remains in solution. 

--^ Properties. Colorless, inodorous, sour to the taste, red- 
dens litmus, and cannot be wholly freed from water. 

Sulphuric acid. Symb. 8+30, S03 or S. Equiv. 16.1+ 
24=40.1. Sulphuric acid was discovered by Basil Valen- 
tine, near the close of the fifteenth century. It is commonly 
called oil ofvitriol^ because it was first obtained by the distil- 
lation o^ green vitriol (sulphate of iron or copperas). It ex- 
ists in nature abundantly, in the sulphate of lime (gypsum). 

Process. Anhydrous sulphuric acid may be obtained from 
the hydrous acid, manufactured at Nordhausen in Germany, 
from the proto-sulphate qfiron^ and called fuming sulphuric 
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acid. But the best method is that of Professor Mosander of 
Stockholm. Saturate the oxide of antimony with excess of 
sulphuric acid, and then by a slow heat, drive off the excess 
of acid, when the salt will crystallize as a dry sulphate of anti- 
mony. Expose this salt to a dull red heat in a retort, and the 
anhydrous acid will be driven off, and may be collected in a 
dry receiver, surrounded wilh ice. 

i^faperiies. In this state the acid has some peculiar pro* 
perties. It ia a white opaque solid, fuses at 66° Far., sp* gr« 
l.d9, boils between 104° and 122°, forming a transparent va« 
por ; has a powerful ufinity for water^ so that on exposing it 
to the air, it flies off in white fumes. 

-„ JUydrous sulphuric acid^ which is the ordinary acid of com- 
merce, may be obtained by several modes. 

Exp. Burn a mixture of 8 parts of sulphur to 1 of nitre in 
a vessel of oxygen gas containing a vegetable infusion ; the 
acid will be ab^rbed by the water, and change the infusion 
red. But the process for manufacturing this acid in the arts, 
is done in chambers lined with sheet lead.* Eight parts of 
sulphur to 1 of nitre, coarsely bruised and mixed together, are 
put upon iron plates, 1 lb. to 300 cubic feet of air. The mix- 
ture is ignited by a hot iron, and the door closed. Water, to 
the depth of 6 inches covers the floor, and absorbs the acid as 
fast as formed. The room is then ventilated, and the process 
repeated every four hours, until the water is sufficiently acid ; 
or by an improvement in the structure of the room, the sul- 
phur is burned in a separate room, and the air admitted con«> 
tinually carries the acid vapor into the chamber where it is 
condensed by the water. This acidulated water is then drawn 
off and concentrated by heat, in leaden boilers, until it is of 
the specific gravity 1.450, and the concentration is finished in 
glass or platinum dishes placed in sand baths. 

Theory. By the combustion two ffases are formed, sulphuroni 
acid from the sulphur, and binoxide ofnitrogen from the nitre. The 
latter eoiirbines with the oxygen of the air, and is converted into the 
nitrous acid. The sulphurous and nitrous acids then combine with 
the watery vapor and fonn a crystallme solid, composed of sulphuric 
acid, hyponitrous acid, and water. When this solid drops into the wa- 

* The ufiual size of the chamber is 20 feet long, and 12 wide ; but 
in one establishment in England, the chamber is 120 feet by 40, and 
20 high, containiniT 06,000 cubic feet. 
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ter, it 18 instantly decomposed, the sulpharic acid is retained in the 
water^and nitrous acid and binozide of nitrogen escape. The nitrons 
acid thus set free, as well ad that formed by the binoxide and oxygen 
of the air, again combine with the moist sulphurous acid and form 
the solid which sinks to the water, and is decomposed acrain. This 
process continues, nnlil the whole is converted into sulphuric acid, 
and absorbed by the water. 

Properties, Hydrous sulphuric acid when pure, is an 
oily, limpid liquid, colorless, inodorous, intensely sour and cor- 
rosive ; destroys, by the aid of heat, all animal and vegetable 
bodies, with the deposition of charcoal, and formation of wa- 
ter ; hence the acid often attains a brown tinge by charring 
substances which accidentally fall into it ; boils at 620^ Far., 
freezes at -15®, When its specific gravity is 1.78, it congeals 
above 32° and remains solid up to 45° ; but when mixed with 
twice its weight of water, it congeals at -36°. 

It has a powerful ajlnity for water. It combines with the 
water of the air, even at boiling temperatures^ so powerfully 
that its greatest concentration can be effected only by glass 
or platinum retorts with narrow mouths. 

JExp. 4 parts of sulphuric acid and 1 of water, each at 50*, 
when poured together, have a temperature of 300°. The 
heat is occasioned by the diminution of bulk, by which the in* 
sensible caloric becomes free. 

Exp. 2 parts of acid and 3 of snow form a mixture which 
will freeze water, and the thermometer will sink even to -23^. 
The cold results from its affinity for water ; it dissolves the 
snow to obtain it ; and the heat necessary to render the water 
liquid is absorbed from the acid and the snow, and passes into 
an insensible state. 

Exp. 1 part of snow to 3 of acid will produce a heating 
mixture, because the condensation developes more heat than 
is required to melt the snow. 

-— The decomposition of sulphuric acid is effected by heat, and 
by the non-metallic combustibles. 

Exp, Pass hydrogen gas and sulphuric acid through a red 
hot porcelain tube. 

Exp, Heat this acid with charcoal, or put into it vegetable 
substances. 

Exp, Expose the acid to the galvanic battery, the sulphur 
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will appear at the negative, aud the oxygen at the positive 
pole. Its sp. gr. never exceeds 1.850. 

Its strength is tested by its specific gravity, and by the quan* 
tity required to saturate a given portion of an alkali. 100 
grains of the carbonate of soda will neutralize 92 of pure sul- 
phuric acid. It may be detected in any solution by the chlo- 
ride of barium, by which a while insoluble solid is precipitated, 
the sulphate of baryta. 

It is one of the most powerful acids, reddens the vegetable 
infusions, unites with bases, and forms salts. 

Il is a most violent poison. The best antidote is dry mag- 
nesia. 

Uses. It is one of the principal acids of chemistry and of 
the arts, in which greater quantities are employed than of any 
acid ; for the formation of most of the other acids ; for the pre- 
paration of soda from salt, of alum from sulphate of iron ; for 
obtaining chlorine and otl^er gases ; for dissolving indigo for 
dyes ; and used in medicine as a tonic. 

Dichlaride of sulphur ^Symh. 2S-|-CI. Eq. 67 G2. Sp. gr. 1 .087— 
was diBcovered by Dr. Thompson m 1804. Prepared by passing a 
current of chlorine gas over flowers of sulphur, gently heated, till 
nearly all the sulphur disappears. The dichloride is then obtained 
by distillation in the form of a reddish liquid. 

fodide of sulphur. First described by Gay Lussac. Formed by 
heating four parts of iodine with one of sulphur. A dark colored 
substance, easily decomposed by heat. 

Bromide^ Sufphur is obtained by pouring bromine on sublimed 
sulphur. The product is an oily lijquid of a reddish tint — odor re- 
iiembles the dichloride of sulphur. 

^ - Sulphur and Hydrogen. 
Hydrosulphuricacid. Symb. SH. Equiv. 16.1-^-l=17.1. 
Equiv. vol. 100. Sp. gr. 1.1782, air = 1. This substance was 
discovered by Scheele in 1777, and has been variously named, 
sulphuretted hydrogen^ and hydrothionic acid. 

Process. It may be obtained from the sulphurets of the 
metals. The one generally employed is the proto-sulphurct 
of iron, which is a native product, but can be prepared by 
heating 2 parts of iron filings with IJ of suphur to a red heat, 
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in a covered crucible ; upon this, in a retort, pour difufe' sul- 
phuric acid, apply gentle heat, and collect over water. Ses^ 
gui'sulphuret of antimony, treated in the same manner with 
hydrochloric acid, will yield a purer gas ; the former contains 
a little iron and hydrogen. 

TTieory, The oxygen of the water anites with the iron and its 
hydrogen with the sulphnr, and the snlphnric aerd unites with the 
oxide of iron ; the products are kytirondphurie acid, and sulpluOe of 
the protoxide of iron. FeS, SO*and HO are converted into SO'-j- 
FeO,andSH. 

Properties. It is a colorless gas, but has an excessively of* 
fensive taste and odor ; it is this gas which gives the odor to 
putrescent e ggs , sewers, and the waters of sulphurous springs 
It extinguishes burning bodies, but hums with a pale blue 
flanie ; forms an explosive mixture with oxygen, and is so de- 
structive to animal life that y^xr part of this gas in air de* 
stroys small birds ; ^^j^ P^i^ killed a middle-sized dog, and 
yiiT P^^^ * horse. If placed on the cutaneous surface of ani- 
mals, it will prove fatal to them*. Reddens litmus feebly, but 
unites with bases and forms salts. 

Water absorbs 3 vols, of the gas, and forms a colorless li- 
quid, similar to the gas in taste and odor. This water is a 
test of the metats. Nitric acid wilt cause a precipitate of sul- 
phur^and if poured into a bottle of the gas, a blue flame will 
pervade the vessel, and sulphur and nitrous acid fumes be 
produced. If exposed to the air, it deposits its sulphur on the 
surface of the vessel, but it is readily decomposed by metals 
in solution ; the sulphur combines with the metal, and the hy- 
drogen is liberated. 

It is also decomposed by chlorine and iodine, because of 
their great affinity for hydrogen. Hence chloride of lime is 
' used to purify places rendered noxious by this gas. It is par- 
tially decomposed by heat, in a porcielain tube. 

Liquid hydrosulphwrie mcid.i Mr. Faraday succeeded in liquefying 
the gas. Under a pressure of 17 atuuMpheres, it is colorless, limpid, 
and excessively fluid ; compared with it, ether appears tenacious and 
oily. On breaking a tube under water, it rushed out violently, and 
assaroed the gaseous state. 
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Test. The best test of this gas is carbonate of lc«id. 1 part 
of the gas mixed with 20,000 of air will give a brown stain to 
a surface whitened with the lead. Hence persons who use 
preparations of lead to improve their beauty, on coming into 
the vicinity of this gas, often change their ciJor. 

Exp. Write on paper with any of the salts of lead in sokh 
tion, and pass a stream of the gas over it, the writing wiU in- 
stantly appear. 

Uses, In medicine for cutaneous eruptions, in the labora* 
tory as a test o[ metals. 

Production of sulphur in volcanoes by the meeting of sul- 
phurous and kifdrosulphuric acids. These acids are genera- 
ted in volcanoes, and as they meet are decomposed, and sul- 
phur is deposited. This may be shown in the following man- 
ner. 

Let two small retorts 1^. 08. 

aa (fig. 68.) pass into a • 
globe-receiver 6, so that 
their mouths shall near- 
ly touch each other, 
rut the materials for 
sulphurous acid into 
one, and for hydrosul- 
phuric acid in the other, 
and apply heat ; as the 
two gases meet in the receiver, they will be decomposed^ and 
the sulphur will be deposited upon the interior surface, in fine 
powder. 

Hydrosulphurous acid. Symb. 2S4-H. Eqaiv. 33 2. Discovered 
by Scheele, who called it super-sulpkurttted hydrogen. The names 
hydrothionous dcid, per or bisulphuretted hydrogen^ and perstdphuret 
of hydrogen, haye also been npplied to it. 

It is similar, in taste and odor to hydrosvlphuric acidf but not to 
powerful ; semi-fluid, inflammable, and easily decomposed by heat 
into sulphur and hydrosulphurlc acid. 




Sulphur and Carbon. 

Bisulphvret of carbon j or alcohol of stdphur, carhO'Sulphtirk acid. 
Discovered accidentally by professor Lampadiua in 1776, but its true 
nature was first pointed out by Clement and Deeormes. It is obtain- 
ed by heating, in a close vessel, the native bisulpburet of iron {iron 
pyrites) with one fifth of its weight of dry charcoal. *' The compound, 
as it is formed, should be conducted by means of a glass tube into 
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ft restel of cold water, at the bottom of which it is collected. To free 
it from moistare and adhering sulphur, it should be distilled at a low 
temperature, in contact with chloride of calcium — T. 

Properties, A transparent, colorless liquid, renmrkable 
for its high refractive power, acid, pungent and somewhat aro- 
matic taste, and fetid odor ; specific gravity 1.272 ; exceed- 
ingly volatile; boils at 110^ ; very inflammable^ and burns 
with a pale blue flame. With oxygen, its vapor forms an ex- 
plosive mixture ; with binoxide of nitrogen, it forms a mixture 
which burns with dazzling brilliancy ; dissolves in alcohol and 
ether, and is precipitated by water ; dissolves phosphorus, sul- 
phur and iodine, giving to a solution of the latter a beautiful 
pink color. It is decomposed by chlorine. 

Cyanogen and Sulphur, 

Sulphuret of cyanogen was discovered in 1828, by M Lassaiffne, by 
the action of bicyannret of mercury, in fine powder, upon half its 
weight of bichloride of sulphur, confined in a small glass.globe, and 
exposed for two or three weeks to dayl'-ght. A small ouantity of 
crystals, biting to the tongue, and of a penetrating odor, collect in the 
upper part of the vessel, which form red-colored compounds, with 
per salts of iron. 

Bisulphuretqf cyanogen— By mh.2S-\-Cy — was discovered by Lie - 
big, by exposing fusea sulpho-cyannret of potassium to a current of 
dry chlorine gas — it forms a dry" yellow powder. 

Hydro'sulpko-cyanic acid. Symb. S*CyH. Equiv. 59.59. Dis- 
covered in 1808, by Mr. Porritt/ who ascertained it to be a compound 
of sulphur, carbon, hydrogen and nitrogen. It is sometimes called 
sulpho-eyanic acidy and may be formed by suspending BuIpho-cyaBO- 
ret of silver, or mercury in water, and by transmittmg through it a 
current of hydrosulphnric acid gas ; suljjhuret of silver or mercury, 
and hydrosulpho-cyanic acid are generated ; filter the solution, and 
expel the excess of gas by lieat. 

Properties, A liquid either colorless, or a shade of pink, 
odor resembling vinegar ; sp. gr. 1.002, boils at 216.5®, crys- 
tallizes in six-sided prisms at 45.5'^ Far. Acid to the taste, 
and by the chemical tests, unites with alkalies. 

Test of its presence. A salt of the peroxide of iron, to 
which it gives a deep blood-red solution ; decomposed by ex- 
posure to the air, and by chloric or nitric acid. 

Cyano-hydro'sulp/turic acid—Sywh. S^CyHS. Eq. 60.59— 
may be obtained by passing a current of hydrosulphuric acid 
through a saturated solution of cyanogen in alcohol. The liquid 
acquires a reddish-brown lint, and numerous small crystals of 
an orange-red color are generated. It is considered by Lie- 
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big to be similar in composition to the preceding, but to haye 
one equiv. more of hydrogen. 

Sect. 9. Phosphorus. 

« , p i;,^,,. C By vol. 25, ^^ p^ C 1.77, Water =1. 
Syinb. P. Equjv.^ J wgt.15.7. ^P' ^' [ 4.3261, Air =1. 

History. Phosphorus received its name from the proper- 
ty of shining in the dark.* 

It was discovered by Brandt, an alchemist of Hamburg, in 
1660. It was formerly obtained from urine, but the process 
of obtaining it was for a long time kept secret, and small 
quantities only were obtained. Scheele obtained it from 
bones, and invented the method now gerierally employed. It 
exists in the bones of all animals, in the state of phosphate of 
lime. A middle sized man has about one pound of phospho- 
rus in his bones. 

Process.' The bones are calcined in an open fire, reduced 
to a fine powder, and digested for a few days with one half 
their weight of sulphuric acid, with sufficient water to give 
them the consistency of paste. The phosphate of lime is de- 
composed, and the sparingly soluble sulphate, and soluble su- 
per-phosphate of lime are generated. The latter is then dis- 
solved in warm water, filtered and evaporated to the consis- 
tency of syrup. 

It is then mixed with ^ part of charcoal in an earthen re- 
tort lined with clay, heated in a furnace to a high temperature, 
when the vapor of the phosphorus comes over, and is conduct- 
ed by a tube into a bowl of water, where it is condensed into 
a reddish-brown solid. This is then fused in hot water and 
distilled in hydrogen, or passed through chamois leather. 

Properties, When pure, it is transparent and nearly color- 
less, or of a wax color ; easily cut with a knife, and the sur- 
face has a waxy texture ; fuses at 108°, and at 550° is con- 
verted into vapor; soluble by the aid of heat in naptha, in 
fixed and volatile oils, and in the chloride of sulphur, sulphu- 

* (ftog light, and tpiquv to carry, 



Digitized 



by Google 



, IdO Phosphorus. 

ret of carbon, and sulphuret of phosphorus. On cooling a so* 
lution of the latter, it crystallizes in dodecahedrons. 

It is very inflammable. At common temperatures^ it com- 
bines slowly with the oxygen of the air, giving a luminous ap- 
pearance in the dark. 

Exp. If a stick be placed in a receiver of air, it will absorb 
the oxygen, and leave the nitrogen. 

Exp. If a stick of phosphorus be dusted over with charcoal 
or resin, and placed under the receiver of an air pump, it will 
inflame on exhausting the air. 

Exp. By friction it instantly ignites, and hence is employ- 
ed for matches. 

Exp. When ignited in oxygen^ .it burns mth great hriU 
iiancy. This experiment should be conducted in a large globe- 
receiver, filled with oxygen, and the phosphorus placed m the^ 
centre by a pendant spoon. Dense whito fumes of phos- 
phoric acid are formed ; these often mingle with the vapors 
of phosphorus and oxygen, which renders the whole inflamma' 
hie and hence the danger of breaking the receiver. 

Exp. Let a stream of oxygen gas upon it in a fused state, 
under water, and flashes of light will pass up through the wa- 
ter. 

Exp. Or put a few grains of chlorate of potass* into a glaas 
of water, in which is a piece of phosphorus, and from the 
dropping tube, pour on nitric or sulphuric acids— flashes of 
light will appear. 

Exp. Drop a small piece into a glass containing a small 
quantity of strong nitric acid, it will bum vividly, and often ex- 
plode with great viol€nce.{See fig. 6S.) 

Exp. Sweet oil dissolves it by the aid of heat, and the 
phosphorized oil can be put on the face and hair, so bs to 
render it luminous in the dark. 

In all these cases, the light results from the union of phos- 
phorus with oxygen ; so strong is its affinity for oxygen tliat 
it should always be kept under water. 

Relation to animals. It is very poisonous ; acts as an ex- 
citant, and in large doses it proves fatal; but it is used 
sometimes as a medicine. It renders water poisonous in 
which it is kept. 
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Phosphorus and Oxygen. 

Oxide of phosphorus. Symb. 3P-f-0. Equiy. 47.1-f8==r)5.1. It is 
obtained by burning phosphorus under hot water, by a jet of oijgen 
ffas. The substance which remains afler combustion is of a red co- 
lor, without taste or odor ; insoluble in water, alcohol, ether, and oil ; 
is not yolatilized at 662^ Far., but takes fire at a low red heat, in the 
air and in chlorinu ^s. This substance has been examined by M. 
Pelouse, and found to be an oxide of phosphorus. 

Hypophosphorous acirf— Symb. 2P-|-0. Equiv. 31.4-|-8= 
39.4-— was discovered by Dulong in 1816, and is obtained by 
the aottoD of water upon the phosphuret of barium. Hypo- 
phosphite of baryta is formed soluble in water ; on filtering 
the solution and adding sulphuric acid to precipitate the ba- 
ryta, the hypophosphorous acid remains, and is concentra- 
ted by evaporation into a viscid liquid, capable of crystalliza- 
tion ; this is the hydrate of the acid, and is a powerful deox^ 
idizing agent. 

Phosphorous acid. Symb. 2P+3a Eq. 31.44-24=55.4. 
Discovered by Davy, and may be obtained by subliming phos- 
phorus through the bichloride of mercury^ in a glass tube ; 
a /tmpt(f liquid distils over, which is a compound of phosphorus 
and chlorine. Put this into water, and the hydrogen of the wa- 
ter unites with the chlorine, forming hydrochloric acid — and 
the oxygen of the water combines with the phosphorus, form- 
ing the phosphorous acid. The solution b then evaporated 
to the consistency of syrup, to expel the hydrochloric acid, 
and the phosphorus acid crystallizes as a hydrate. The an' 
hydrous acid may be obtained by burning the phosphorus in 
highly rarefied air. 

Properties. Sour to the taste, odor like garlick, and pos- 
sesses acid properties ; has a strong affinity for oxygen, and is 
hence easily converted into phosphoric acid ; precipitates mer- 
cury, silver, platinum and gold, from their saline solutions, in 
the metallic form. 

Phosphoric acid. Symb. 2P+50. Eq. 31.4+40=71.4. 
Under the term of phosphoric acid, three compounds have 
formerly been described, afibrding a remarkable instance 
of a class of bodies, called isomeric, which are identical in 
composition, but possess difierent properties. The names 
given to the three compounds, are phosphoric, pyrophospho- 
ric, and meta or paraphosphoric acids. 
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The phosphoric acid has hitherto been obtained only in 
combination with water or an alkaline base. 

Process. The superphosphate of lime is boiled for a few 
minutes with excess of carbonate of ammonia, by which the 
lime is precipitated as a phosphate. After fihration the li- 
quid is evaporated to dryness, and then ignited in a plati- 
num crucible, to expel the ammonia and sulphuric acid. 

Properties, Colorless, intensely sour, reddens vegetaUe 
infusions powerfully, and neutralizes alkalies. In the slate of 
greatest concentration, it is composed of three equiv. of water, 
and one equiv. of acid, and may be made to crystallize in 
thin plates. It is remarkable for unitmg with bases, in the 
proportion of one equiv. of the acid to three of the base, or the 
oxygen of the base, and the acid as three to five. 

The pyro'phosphoric acid^ is obtained by exposing concen- 
trated phosphoric acid to a temperature of 145". 

Its properties are generally similar to the preceding, but 
is distinguished from it by yielding a snow-white precipitate, 
when neutralized with ammonia, and mixed with the nitrate of 
the oxide of silver. It is remarkable for its tendency to unite 
with two equiv. of a base to one of the acid. 

Met a, or paraphosphoric acid^ is obtained by burning phos- 
phorus in dry air, or oxygen gas. The acid appears in small 
crystals like snow, on the interior of the vessel. It is formed, 
combined with water, by heating to redness the two preced- 
ing acids ; when fused, it cools into a brittle and transparent 
solid, resembling ice, hence called glacial phosphoric acid^ 
very deliquescent, and hence must be kept in close bottles. 

It is distinguished from the others by uniting one equiv. of 
a base to one of the acid. 

Phosphorus and Chlorine, 

The sesqvi-thloride of phospkorv s—Symh. 2P+3C1. Equiv. 31 .4+ 
106.26a=!l37.6(j. 8p. gr. 1.45— may be formed by passing the vapor 
ofphosphorus over corrosive sublimate, in a glass tube, or by heating 
the perchloride with the phosphorus. 
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Properties* It is a clear, limpid liquid, not acid by the 
chemical tests, though it emits acid fumes when exposed to the 
air. This is due to the affinity of the chlorine for the hydro- 
gen of the water contained in the air. When mixed with wa- 
ter, mutual decomposition takes place with evolution of heat, 
and the formation of hydro-chloric, and phosphoric acids. 

The per chloride of phosphorus is fbrmed by the spontaneous coo»- 
bustion of phosphorus in chlorine gas. Symb. 2P-|--5Cl. £q. 208.5. 

Properties. A white solid, volatile at a temperature below 212»» ; 
heated under pressure, it fuses, and forms, in cooling, transparent, 
prismatic crystals. Thrown into water, mutual decomposition en- 
sues. 

Iodides of Phosphorus. There appear to be three compounds of 
iodine and phosphorus, produced by the spontaneous combustion of 
the two substances. 

Theprotiodide — Symb. P+1. Equiv. 142 — has a yellow color, fuses 
at 212*^, sublimes by heat unchanged, and is decomposed by water. 

The sesquiodide—Symh. 2P-|-3l. Equiv. 410.3 — is a dark grey 
crystalline mass, fuses at 84o. 

The periodide — Symb. 2F-|-51* Equiv. 662.9— is a black compound, 
fusible at lU^'. 

— Bromides of phosphorus are formed by bringing phospho- 
rus and bromine into contact, in a flask filled with carbonic 
acid. 

The proto-bro7nide — Symb. P+Br. Equiv. 94.1— is a liquid formed 
at the bottom of the flask, easily converted into vapor by heat, acts 
energetically upon water,. and mutual decomposition takes place. 

The per-bromide—Sy mh. 2P+5Br. Eq. 423.4— is a yellow solid, 
converted by heat into a red-colored liquid, and into a vapor of a simi- 
lar tint. When cooled from fusion it yields rhombic crystals. Emits 
dense, penetrating fumes when exposed to the air, and is decom- 
posed by water, and chlorine. 

Phosphorus and Hydrogen. 

Phosphuret of hydrogen — Symb. 2P+3H. Equiv. 31.4 
-f-3=34.4 — called also hyduret of phosphorus^ was discov- 
ered in 1812, by Sir H. Davy, by heating hydrated phosphorous 
acid in a retort. 

Properties. It is colorless, with the odor of garliok ; does 
not take fire spontaneously in air, but instantly inflames in 
chlorine gas, with a white light ; forms with oxygen a detonat- 
ing mixture. 

17 
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JPer-phospkuret of hydrogen is isomeric with the preceding. 
It was discovered in 1783, by Gengembre, and since exam- 
ined by Dalton, Thomson, and others. The names phosphu-^ 
retied hydrogen, and hyduret of phosphorus have also been 
applied to it. 

Preparation. For the purposes of experiment, it is easily 
prepared in the following manner : fill a pint retort half full 
of recently slacked lime, and put into it a stick of phosphorus 
two or three inches long, cut into strips. Then pour on a 
strong solution of carbonate of potassa, filling it quite full. 
Place the beak of the retort in the cistern and apply heat. 
The gas will soon form and inflame when it comes in contact 
with the air, forming beautiful wreaths of smoke which rise 
up from the water. 

Properties* This gas is colorless, and has a highly oflen- 
sive odor, and bitter taste, will neither support flame nor respi- 
ration. 

Fig. 69. 




Injlames spontaneously when admitted into air, and expUh- 
sively with oxygen gas. As the bubbles of the gas (fig. 69.) 
rise through the water b the cistern h into the air, they inflame 
successively, forming a series of rings, as c, of dense white 
smoke, continually increasing in size as they arise, and pro- 
ducing one of the most striking and beautiful appearances in 
experimental chemistry. If a bubble of the gas is admitted 
into a receiver of oxygen gas, a bright flash of light is seen, 
and the receiver is jarred by the concussion. This is one of 
the most remarkable properties of this gas, and distinguishes 
it from all other gases. It is often produced by the decompo- 
sition of bones, in swamps and grave-yards, and gives rise to 
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those lights which are frequeDtly seen about such places. It 
is the real " Jack o' the lantern," or ** Will o' the wisp." 

Water absorbs one eighth vol. of this gas, and if suffered 
to remain over water for a few days, it loses its spontaneous 
inflammability, but will inflame on application of a lighted 
taper. 

Phosphorus and Sulphur, 

^ ^Bulphurei of phosphorus. The nature of this compound is 
not accurately settled ; it is formed by bringing sulphur in 
contact with fused phosphorus. They act on each other with 
great violence, producing a compound of a reddish brown 
color; fuses at 16° Far., and is highly combustible. 

Sect. 10. _ Bo&on. 
&ymb. B. Eq. 10.9. Equiv. vol. 100. 

This substance was discovered in 1807 by Sir H. Davy, 
by exposing boracic acid to a powerful galvanic battery ; but 
its properties were first investigated by Oay Lussac and The- 
nard, who obtained it m greater quantity by heating boracic 
acid with potassium. 

The easiest method of obtaining it, is to decompose boro* 
fluoride of potassium by means of potassium and heat. 

Properties, A dark olive^olored solid, without taste or 
odor^ a non-conductor of electricity, sp. gr. nearly 2 ; insolu- 
ble in water, alcohol, ether and oils ; does not decompose 
water at any temperature, and may be subjected to intense 
heat in close vessels without change ; heated to 600*^ in the 
air it ignites, and is converted into boracic acid. When 
heated with nitric acid, or with any substance which 3neld8 
oxygen freely, it passes into boracic acid. 

Boron and Oxygen, 

^JBoracic acid. Symb. 8+30. Equiv. 34,9. Sp. gr. 1.479, 
water 1. This substance exists in nature in small quantities 



Digitized 



by Google 



196 Baron. 

in the Lipari Islands, and the hot springs of Lasso in the 
Florentine territory. In combination with soda, in the well 
known substance 6orax, the hiboraie of soda^ used by smiths 
as a flux. It is also a constituent of the minerals boraciie 
and dathoUie. 

Process, To a solution of purified borax in boiling water, 
add half its weight of sulphuric acid, diluted with an equal 
quantity of water. On evaporation and cooling, shining crys- 
tals of boracic acid will be deposited ; it may be purified by 
repeated solution in hot water and crystallization. This is a 
hydrate^ containing 1 eq. of acid and 3 of water. The ait- 
hydroiis acid may be obtained by heating this in a platinum 
crucible. 

Properties, The hydrous acid exists in the form of thin 
white scales^ without odor and nearly tasteless, sparingly solu- 
ble in water, which reddens vegetable blue colors, and like 
the alkalies turns tumeric paper brown, soluble in boiling al- 
cohol, and gives a beautiful green color to flame. 

The anhydrous acid b a hard, colorless, transparent glass, 
absorbs water rapidly from the air, and should be kept in well 
stopped vials; exceedingly fusible, and communicates this 
property to the substances with which it unites. Hence its 
use in the arts as a jfux^ 

Boron and Chlorine, 

' Terchhride of Boron, Symb. B^3Cl. Eq. 1 17.16. Pro- 
duced by the spontaneous combustion of boron in chlorine 
gas. It is rapidly absorbed by water, and unites with ammo« 
nia, forming a volatile fluid. It is also formed, according to 
Despretsc, by passing dry chlorine gas over charcoal and bo- 
racic acid, ignited in a porcelain tube. It was first noticed by 
Davy, and examined by Berzelius, Dumas, and Despretz. 

Boron and Fluorine, 
Fbiohoric acid, Symb. B-f 3F. Equiv. 66.94. Sp. gr. 
219622. Discovered by Gay Lussac and Thenard in 1810. 
Prooessn Mi^ 1 part of pure boracic acid and 2 of fluor- 
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spar with 12 of sulphuric acid in a glass flask and apply heat, 
or heat a strong solution of hydrofluoric and boracic acids in a 
metallic retort. 

Propelrtus. A colorlese ^ of a penetrating pitngmt odor^ 
extinguishes flame, reddens litmus powerfully, and unites with 
bases forming salts called Jluorborates. 

It has a powerful afiniiyfor water, which absorbs 700 vols, 
of the gas^ becomes hot, fuming and caustic, attacks animal 
and vegetable substances with great energy. Some doubt yet 
exists concerning its true nature. 

Boron and Sulphur. 

Sulphuret of boron is formed, according to Berzelius, by 
burning boron in the vapor of sulphur. The product is a 
white opaque mass, readily decomposed by water. 

Sbct. 11. Selenium. . 
Symb. Se. Equiv. 39,6. Sp. gr. 4.32. 
Selenium was discovered by Berzelius in 1818, and named 
Selenium, from Selene^ the moon, because he at first mistook 
it for tellurium. 

Natural History, It is found in small quantities among the 
volcanic products of the Lipari Islands, in Clausthal in the 
Hartz, combined with lead, cobalt, silver, mercury and cop- 
per. Berzelius obtained it from the iron pyrites of Fahlun. 

Process. Mix the native sulphuret of selenium with 8 
times its weight of peroxide of manganese, and expose it to a 
low red heat in a glass retort, the beak of which dips into wa- 
ter. The manganese yields its oxygen to the sulphur, and 
the selenium sublimes pure, or in the form of selenious acid. 

Properties. A brittle opaque solid, without faste or odor ; 
its lustre is metallic, resembling lead in the mass, but the 
powder has a deep red color ; soAens at 212^, and may bo 
drawn out into fine transparent threads, whbh appear red by 
transmitted light ; becomes fluid a little above 212° and boils 
at 650^, yielding an inodorous vapcH* of a deep yellow color ; 
17* 
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sublimes, in close vessels, without change, and condenses into 
dark globules, or into a cinibar red powder, if the ressels 
are large. Heated in the open air, or in oxygen, it combines 
with the oxygen ; under the blow-pipe, it emits the strong 
odor of horse-radish. 

Selenium and Oxygen. 

Oxide of selenium — Symb. Se+0. Equiv. 47.6 — is form- 
ed by heating selenium in a limited quantity of air, and wash- 
ing the product to clear it from selenious acid. It is a color- 
less gas, which gives the peculiar odor to the selenium, when 
burned in the wick of a himp. 

Selenious cctrf— Symb. Se-fSO. Equiv. 55i6-^is fonned 
by dissolving selenium in nitro- hydrochloric acid. On evap- 
oration, the acid is lef\ as a white, crystalline solid, of a sour 
and burning tase ; dissolves readily in water and alcohol, and 
attracts moisture from the air. It has distinct acid properties, 
and its salts are called seleniies. It is decomposed by all sub- 
stances which have a strong attraction for oxygen. 

Selenic acid — Symb. Se-f-30. Equiv. 63.6 — was first no- 
ticed by M. Nitzscb, and described by Mitscherlich in 1827. 

Process, It is obtained by fusing nitrate of potassa or so- 
da with selenium; a metallic seleniuret with selenious acid, or 
any of its salts. (For process see Turner, 6th ed. p. 209.) 

■Properties, A colorless liquid, sp. gr. at 329° 2.524, at 
612° 2.60. It is decomposed by heat at 536°, and is rek)lved 
into oxygen and selenious acid ; has a powerful affinity for 
water with which it combines, with the evolution of as much 
caloric as sulphuric acid and water. It dissolves zinc, iron, 
copper and gold ; unites with bases and forms salts, analogous 
in composition and form, to those of sulphuric acid. 

Chloride of selenium is a white solids obtained l^ placing 
selenium in chlorine gas. 

Bromide of selenium is an orange-colored solid ; soluble in 
water, and obtained by dropping selenium into bromine. The 
combination is violent with the evolution of much heat. 
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Selenium and Hydrogen. 

HydrthseUnic acid, Symb. Se-|-H. Eq. 41. This acid 
was discovered by Berzelius, and some doubt exists as to its 
composition. 

Process. It may be obtained bj the action of hydrochloric aoid 
upon a concentrated solation of any hydro-seleniate. 

Properties. A colorless gas, with an odor resemblmg hy- 
drosulphuric acid. It irritates the membrane of the nose, ex- 
citing catarrhal symptoms, and produces temporary inseosibili* 
ty. Water absorbs it readily, and the solution reddens litmue, 
and leaves a brown stain upon the skin. On exposure to the 
air, it is decomposed, but decomposes all the salts of the com* 
men metals, forming seUniurets of the metal. 

Selenium and Sulphur, 

Bisulphurei of selenium^Symh. Se+2S. Eq. 71.6— was 
obtained by Berzelius, by adding hydrosulphuric acid to a so- 
lution of selenious acid, when it is precipitated as an orange- 
colored powder ; fuses at 212^, sublimes at a high tempera- 
ture without change ; when heated in the open air, it inflames 
and is decomposed by nitro-hydrochloric acid. 

Sekniuret of phosphorus^ QT Pkosphuret of selenitim is pre- 
pared in the same manner as the sulphuret of phosphorus. 
It is a very fusible substance ; inflammable, and decomposes 
water slowly, yielding seleniuret of hydrogen, and one of the 
acids of phosphorus. 

Sect. 12, Silicon. ^ 

Symbol Si. Equivalent 28.5 

Silicon was obtained by Berzelius in 1824, by the action of 
potassium on fluocilicic acid gas. It was at first called 5i7t- 
civm, and regarded as a metal, but it is destitute of the me- 
tallic properties. 

Properties. Silicon is a solid, of a dark brown color, and 
a noQ-eonductor of electricity. 

Before ignition it is not oxidized, or dissolved by hot sul- 
phuric or nitro-hydrochloric acids, but is soluble in hydroflu- 
oric acid, and in, a hot concentrated solution of caustic potas- 
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BBu It burns readily in air, aod vividly in oxygen gas ; but 
after ignition, it is insoluble and non-combustible. It is oxi- 
dized by heating it with nitrate of potassa, and explodes when 
dropped upon fused hydrate of potassa, soda or baryta, in con- 
sequence of the evolution of hydrogen. 

Silicon aiid Oxygen, 

SiUcie acidsiUca. Symb. Si+30. Eq. 22^24^=46.6. 

Naturai History. Silicic acid, also called silicot siUeaus 
earthy and silex^ constitutes nearly 40 per cent, of the cru^ 
of the globe. Hence it is the principal ingredient of extensive 
mountain masses, of sand, and of several minerals, such at 
quartz, flint, calcedony, rock-crystal, etc. 

Preparation. It may be prepared by heating rock-crystals, 
and throwing them red hot, into cold water. 

Properties. When reduced to powder, it is white, insipid, 
and inodorous. It is very infusible, requiring the heat of the 
compound blow-pipe to fuse it ; msoluble in water, unless pre- 
sented in the nascent state ; does not act upon test paper, but 
in every other respect, has the properties of an acid* Its 
combination with the fixed alkalies, is eflected by mixing pure 
sand with carbonate of potassa. If three parts of the carbon- 
ate to one of sand are mingled, the fused siUcate is soluble in 
water ; but if one part of the carbonate to three of sand be 
employed and fused, the well known substance glass is form- 
ed, which is transparent, brittle, insoluble in water, and affect- 
ed by no acid except the hydrofluoric. 

Every kind of common glass is a siUeatty and the different 
varieties are due to the proportions of the constituents, to the 
nature of the alkali, or the presence of foreign matter. Thus 
green bottle glass is made of materials containing iron . Crown* 
glass of pure alkali and sand, free from iron. Plate ghss 
for mirrors is made of the purest materials. FUnt glmt cod> 
tains red lead, and sometimes peroxide of manganese, or ni- 
tre is added to oxidize the carbon contained in the materials* 

Chloride of silicon — Symb. Si-f-Cl. Equiv. 57.92— is pre- 
pared by burning silicon m chlorine gas. The product is a 
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limpid, volatile liquid, flying off in white vapor when exposed 
to the air, with a suffocating odor resembling cyanogen, boils 
at 124° Far. 

Bromide of SUicon — Syinb. Si+Br. Eqaiv. 100.6 — was obtained by 
Serullas, in the same manner as the chloride. It is a very dense , 
colorless liquid, emitting dense fumes. 

Sulphuret of silicon — Symb. Si4-S. Equiv. 38.6 — is formed by beat- 
ing silicon in the vapor of sulphur. It is a white, earthy. substancei 
instantly converted by the action of water into hydrosulphuric and 
silicic acids. 

FluO'Silicic acid — Symb. Si-|-F. Equiv. 41.18 — is formed, by bring- 
ing hydrofluoric, and silicic acids into contact. It is a colorless gas, 
which extinguishes flame, destroys animals immersed in it, and acts 
powerfully upon the respiratory organs. Water acts upon this ffas 
with some change of properties, and the solution is called sUico-hif' 
dfofiuoric acid. 



CHAPTER II. 
Class IL Metals with their pximaky Compoui^ds. 

General properties of Metals, 
Metals are the most important of substances. They are dis- 

tinguished from other substances by the following properties : 
„ — ~1. They are all conductors of electricity and of caloric. 
^.^ 2. When combined with oxygen, chlorine, iodine, sulphur, 

and similar substances, and subjected to the voltaic battery, 

they always go to the negative electrode or pole, and hence 

are called positive electrics. 
, 3, Metals are opaque, that is, they do not permit the light 

to pass through them, although reduced to thin leaves. 
4. They are good reflectors of light, and possess a peculiar 

lustre, which is termed the metallic lustre. Any substance, 

which has the above properties, may be regarded as a metal.^. 

MdJlb differ greatly in their properties. 

1. In their specific gravity. Most of the metals are re- 

/ markable for their weight, such as gold and platinum, which 
are more than nineteen tinies as heavy as an e(}ual bulk of 
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water ; while some, potassium and sodium, are lighter than 
water. 
• — 2. In their malleability y or the property of being beaten 
^-into thin leaves by hammering. (jk>ld, silver, copper, tin, pla- 
tinum, palladium, cadmium, lead, zinc, iron, nickel, potassi- 
um, sodium, and frozen mercury are malleable. The others 
•-..are malleable only in a slight degree, or like arsenic, antimo- 
ny and bismuth, brittle. Gold is the most malleable of metals ; 
^^ne grain of which may be extended so as to cover fifty-two 
square inches of surface, and to have a thickness not exceed- 
ing 272V2TT o^ ^^ 'och. 

^ -3. In their ductility ^ or the property of being drawn out 
into wires. Most of the malleable metals are also ductile. 

- Gold, silver, platinum, iron, and copper are the most ductile. 
- -Gold wire may be obtained so fine that it shall not exceed 

s^js o^ &i^ ^i^<^h i" diameter, and platinum -^^jsjs of an inch. 

* The tenacity of a metal is measured by the weight which a 

wire of a certain diameter can support without parting. 

^ ' 4. In hardness. Titanium, manganese, iron, nickel, cop* 

•' per, zinc, and palladium are hard metals. Gold, silver, and 

platinum are soAer than these, lead still softer, and potassium 

— and sodium yield readily to the pressure of the fingers. 

^ - 5, In their structure. Many have a crystalline structure. 
— ^n is fibrous ; zinc, bismuth, and antimony are lamellated ; 
gold, silver, and copper are found naturally in crystals, and 
others may be made to assume the form of crystals, wh«?n they 
pass gradually from a liquid to a solid state. Most of them in 
crystallizing assume the figure of a cube, the regular octo- 
hedron, or some form allied to it. 

"~ 6. In their fusibility. All are solid, at the common tem- 
perature of the atmosphere, except mercury, which is solid at 

- -40** Far. Mercury, potassium, sodium, cadmium, tin, bis- 
muth, lead, tellurium, antimony, and probably arsenic are fu- 
sible below read heat. The rest require a higher tempera- 

- 4ure to fuse them, and some of these, such as platinum, ceri- 
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um, rhodium, and columbium require the heat of the com- 
pound blow-pipe to render them liquid. 
"~ 7. In volatility. Cadmium, mercury, arsenic, tellurium, 
- potassium, sodium, and zinc are volatilized by heat Most of 
the others may be exposed to the most btense heat of a south'^ 
-ibrge, without being converted into vapor. 
_- 8. In their affinity for the other simple substances. Metals 
generally have an extensive range of affinity ; hence they are 
rarely found in the earth in their simple or native state, but 
^— are generally combined with other bodies, especially with oxy- 
_gen and sulphur, in which state they are said to he mineralized, 
"*- It is a remarkable fact, that they are not disposed to com- 
bine with compound bodies. They combine with each other 
. ^, and with other simple substances, generally in a few definite 
proportions. 

They all combine with oxygen, though with different de- 
grees of energy. Iron and copper are slowly oxidized at 
common temperatures, while gold will sustain the most intense 
— heat of furnaces without oxidation. Potassium and sodium 
' -will even decompose water, to obtain the oxygen, the mo- 
ment they come in contact with it. In all these cases they 
---produce the phenomena of combustion. Hence they are said 
.-40 be combustible. With chlorine, iodine, bromine, etc., they 
combine with more or less energy, giving rise to the same 
phenomena. Some unite with oxygen in one proportion only, 
but most have two or three degrees of oxidation. 

Metallic oxides may be reduced to the metallic state by 
heat, by the united agency of heat and combustible mat- 
ter, by voltaic electricity, and by the action of the deoxidizing 
agents on metallic solutions. 

Many metals form acids with oxygen, as well as oxides ; but 

^•--one only, arsenic, is capable of forming an acid, and not an oxide. 

->4ilany of the metallic oxides combine with acids and form 

salts, and generally the protoxide is the only salifiable base. 

.jQxides sometimes combine with each other and form defi- 



Digitized 



by Google 



204 



Discovery of Metals. 



nite compounds. The action of the metals upon the simple 
non-metallic substances, will be noticed in their proper place. 
— The number of metals is forty-two, and the following table 
contains their names, with the date at which they were dis- 
covered, and the names of the chemists by whom the discove- 
ry was made. 

Datei of tbtt 
DiseoTery. 



Names of M 


stall. Authors of the DiscoTery. 


Gold . 


^ 


Silver 




Iron . 




Copper 


y Known to the Ancients. 


Mercary 




Lead . 




Tin . 




Antimony 


Described by Basil Valentine . 


Bismuth 


Described by Agricola 


Zinc . 


First mentioned by Paracelsus 


Arsenic 
Cobalt 


1 Brandt 


Platinum 


Wood, assay-master, Jamaica . 


Nickel 


Cronstedt .... 


Manganese 


Gahn and Scheele . 


Tungsten 


D'Elhuyart .... 


Tellurium 


Mailer 


Molybdenu 


m . Hielm . , . . . 


Uranium 


Klaproth 


Titanium 


Gregor 


Chromium 


Vauquelin .... 


Columbium 


Hatchett . . . . . 


Palladium 
Rhodium 


1 Wollaston .... 


Iridium 


Descotils and Smilhson Tennant 


Osmium 


Smithson Tennant . 


Cerium 


Hisinger and Berzelius . 


Potassium 


"N 


Sodium 




Barium 


> Davy 


Strontium 




Calcium 


, 


Cadmium 


Stromeyer .... 
Arfwedson .... 


Lithium 


Zirconium 


Berzelius .... 


Aluminium 


J 


Glucinium 


> Wohler 


Yttrium 


5 


Thorium 


Berzelius .... 


Magnesium 


Budsy 


Vanadium 


Sefstrom 


Latanium 


Mosander .... 



1490 

1530 

16th century. 

1733 

1741 
1751 
1774 
1781 
1782 
1782 
1789 
1791 
1797 
1802 

1803 

1803 
1803 
1804 



1807 



1818 
1818 
1824 

1828 



1829 
1830 
1839 
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Potassium. Wi 

h will be fowid ©onvenient in studying the properties of tbe 
metals to arrange them in groups. They may be divided fiw 

. tdm purpose into the two following classes. i 

^^IJlass I. Metals which by oxidation yield alkalies or earths. 
-Class II. Metals, the oxides of which are neither alkalies 
nor earths. 

—The first class includes twelve metals, which may be ar- 
ranged in three orders. - 
^^ Order 1. Metallic bases of the alkalies. These are, 

Potassiam, Sodiunii , liithiuni. 

Order 2. Metallic bases of the alkaline earths. These are, 
Barium, Strontium, Calcium, . Magnesium. 

^,^Order 3. Metallic bases of the earths. These are. 
Aluminium, Yttrium, Zirconium. 

Glucinium, ,. ; Thorium, 

-^ Class II. The 'metals belonging to this class are arranged 

in the three folloxfing orders : 

,^- Order 1 . Metals which decompose water at a red heat : 
Manganese, Cadmium, Cobalt, 

Iron, Tin, Nickel. 

Zinc, 

'^ Order 2. Metals which do not decompose water at any 

temperature, and the oxides of which are not reduced to the 

metallic state by the sole action of heat : 

Arsenic, Columbium, Titanium, 

Chromium, Antimony, Tellurium, 

Vanadium, Uranium, Copper, 

Molybdenum, Cerium, Lead. 

Tungsten, Bismuth, 

^ - Order 3. Metals, the oxides of which are decomposed by 
ft red heat : 

Mercury, Platinum, Osminra, 

Silver, ^ Palladium, Iridium. .i 

Gold, Rhodium, T. 

Sect. 1. Metallic bases of the Alkalies. 

POTASSIUM. Symb. K. Equiv, 39.15. Sp. gr. a865. 

History* The discovery of jMtassium^ or Kalium at il 
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#M tit ^m called, was Mmde by Davy in 1807, and oodtti- 
f^!rte^ftnem in \h(6 history of chemicat philosophy, as itM 
to the discovery of the metallic bases of (he other alkalies and 
alkaline earths, and to the decomposition of a variety of coin- 
^-fotinds which were before regarded as simple bodies. 

The discovery was made by subjecting the hydrate ts4 p^ 
taii», to the mfluenee of a powerful galvanic lottery oTSOO 
pair of plates ; oxygen appeared at the positive, and a tmi^ 
globule of a mctallie lustre at the negative pole, which proved 
to be the metal potassium. 

Process. Potassfum is obtained in small quantities by gal* 
fanism ; but tlte best method is that of M. Curauduu, which 
was improved by Brufuier, and modified by Wohler. Tlie 
substance employed is carbonate of potassa, prepared by heat* 
ing cream of tartar to redness in a covered crucible. This is 
raised Xq a high temperature, in connection with cliarcoal, in 
an iron retort ; the oxygen of the potassa combines with the 
carbon, and the potassium distils over. 

Properties. Potassium, at common temperatures, is a sof^ 
malleable solid, yielding to tho pressure of the fingers, like 
wax ; of a decidedly metallic lustre, similar to mercury in co- 
lor ; somewhat fluid at 7(y*, and perfectly liquid at IW* ; 
cooled to 32^, it is brittle ; sublime:§ at a low red heat in close 
vessels secluded from the air ; a good conductor of electricity 
and of caloric. 

But its most remarkable property is its affinity for oxygen. 
It oxidizes rapidly in the air or oxygen gas, but if a piece be 
t)irowQ upon water, it will decompose it rapidly, disengaging 
so much heat that the potassium takes fire, and burns with ^ 
^ beautiful purple flatne. The evolution of hydrogen gas causes 
it to move about upon the surface of the water, and combining 
with the potassium, augments the brilliancy of the combustion. 

Exp. Invert a wine-^lass filled with water in the cistern, 
and introduce a small piece of potassium, it will rapidly de* 
compose the water, and the escape of hydrogen gas will dis* 
|jl9(^.4he water ia Ihe gUua. This gas.imy then be i^ailAl. 
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Eisp. Heat a small piece of rron and drop upoQ it potasskuD i 
then invert over it a jar of oxygen gas, 

Exp. Drop a piece upon ice, and it will instantly inflame > 
a deep hole is made in the ice, containing pure potassa. 

Etp, To show that the action of potassium upon water 
produces an alkali, drop a small piece into a bottle contaimog 
vegetable infusion, and it will instantly turn it green. In con* 
sequence of its affinity for oxygen, it must be kept under 
naptha, or the essential oil of copaiba. 

Remmrh In the description of tho metallic compounds, 
the abbreviations symh. and e^nw. will be omitted^ and the 
symbols and equivalents placed immediately after the names 
of the substances. 

Compounds of Potassium. 

Protoxide of potassium, K^H^* 47.15^ commonly oalM 
potaih, or potassa^ is always formed wlien potassium ia put 
into water, or burned in oxygen gas. It exists in nature in 
the minerals, feldspar, mica, and several others — in all vege* 
tables, from wliich it is obtained by leaching their ashes, and 
boiling the lye. 

Properties. The pure potassa is a white solid, very cau» 
tic, possessing powerful alkaline properties ; easily fVised by 
heat, but not decomposed ; deliquesces in the air, and hence 
is very soluble in water, forming with it a hydrate^ which re* 
tains the water under the most intense heat. 

The hydrate of potassa contains 1 eq. of water, and is simi*^ 
Yar in its properties to the anhydrous potassa. The aqueous 
solution of the hydrate, called aqum potassae^ may be prepared 
by decomposing the cart>onate with limo. 

Exp. Put quick Time with J its weight of carbonate of po- 
tassa, dissolved in 8 or 10 times its weight of water, inio a 
clean iron vessel, and put it into well stopped bottles to ex* 
elude the air, from which it will absorb carbonic acid ; if the 
Bofution is pure, it will not effervesce with acids. The solid 
hydrate may be made from this by evapomtion, and further 
pufification by ^tcohol, which dissolves^ only the pure hydrate ; 
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the alcohol is then driven off by heat This was formerly 
called lapis causticus^ hut the colleges of Edinburgh and Lon- 
don called it potassafusa. 

Tests. Potassa may be distinguished from all other sub- 
stances by the precipitates thrown down from its salts in so* 
lution. 

Exp. 1. Tartaric acid gives a while precipitate, the bitar- 
trate of potassa. 

Exp, 2. Chloride of platinum, a y^i/(nr, and when dissolved 
in alcohol, a pale yelloto inrecipitato. 

Exp. 3. Alcoholic solution of carbazotic acid, throws down 
yellow crystals of carbazotate of potassa. This is the most 
delicate test. 

Uses. Potassa, being a very powerful alkali, is of great 
use in chemistry and the arts. It forms the bases of most 
soaps ; the crude potash is employed for making glass. 
— Owing to its affinity for carbonic acid, it is used for abstract* 
ing that substance from gaseous mixtures, and for depriving 
them of moisture. 

Teroxide of Potassium^ K+30. 63.15, is formed when 
potassium is burned in the air or oxygen gas. It is an orange* 
colored substance, caustic^ alkaline, heavier than potassifim, 
and decomposed by galvanism and by water — by the latter it ia 
resolved into the protoxide and oxygen ; fuses below a red 
heat, in which state it burns vividly, in contact with combus- 
tibles. 

^., Chloride of Potassivm^ K-^CX, 74.57, was long known by th* 
nftmes *febrtfvge salt of Sylvitis/ * regenerated sea-salt,* 

It may be formed by the spontaneous combustion of potassium in 
chlorine, or by dissolving potassium in hydrochloric acid, and eTapo^ ~ 
tftting the solution slowly to dryness. 

Properties. It occurs in cubic crystals^ colorless*, of a 5a«» 
line and bitter taste^ insoluble in alcohol, and soluble in 3 
parts of water at 60'', and in less at 212^. 

Iodide of Potassium, K-f-[. 165.45, is formed by beating potasainm 
with iodine, or by beating the iodate of potassa. 

Properties. Fuses readily, and is converted into vapor be- 
low a red heat ; deliquesces in air ; very soluble in water ; 
dissolves in strong alcohol, and by evaporating the sol^tioni 
yields colorless cubic crystals of iodide q£ potassium. 
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Bromidt of Potassium^ K+Br. 117.55, formed by a pro- 
cess similar to that for the iodide (using bromine instead of 
iodine), and has similar properties ; very soluble in water, 
ivbich by evaporation yields anhydrous cubic crystals ; easily 
fused and decrepitates like sea-salt, when heated. 

Exp. Put a small piece of potassium into a wine-glass containing 
a few drops of bromine, they will combine with explosive violence. 

Fluoride of potassium, K-|-F. 57.83, is formed by merely saturating 
hydrofluoric acid with carbonate of potassa, evaporating to dryneaS; 
^d igniting to expel excess of acid. . 

Properties. It has a sharp saline taste, alkaline to the test 
papers, soluble in water, and the solution acts on glass. It is 
obtained from its solution, by evaporation at 100®, in cubes or 
Teci<Jing\j\&r four-sided prisms^ very deliquescent. 

Hyduret of potassium. Discovered by Gay Lussac and 
Thenard, and may be formed by heating potassium in hydro- 
gen gas. It is a grc^y solid, readily decomposed by heat or 
water. Gaseous hyduret of potassium is produced when hy- 
drate of potassa is decomposed by iron, at a while heat. It is 
a colorless gas, and burns spontaneously in air or oxygen g^, 
but loses its inflanunability by standing over mercury. 

Nkuret ofpoUtsium consists, according to Thenard, of 100 parts of 
potassium to 1 1 .728 of nitrogen, and farmed by heating potassium 
with ammoniacal gas. 

Suijtkurets of potassium. These are five in number, dependent cm 
theguantity of sulphur. 

Tie protO'Sulpkuret of potassium, -(-KS. 55 25, is prepared by burn- 
ing potassium and sulphur in the air, or by decomposing the sulphate 
of potassa by charcoal or hydrogen gas at a red heat. Mixed with 
powdered charcoal, Wldndtes spontaneous! y. 

flu bisitipkuret of potassium, K-f-^S. 71 .35, is formed by exposing 
a saturated, alcoholic solution of hydrosulphate of sulphuret of potas- 
iHum, until a pellicle begins to form, and then evaporating to dryness. 

The tersufphuret cf potassium , K-f-^. 87.45, is formed by heaiiiif 
carbonate of potassa to low redness, with half its weight of sulphut, 
known by the name of liver of sulphur. 

The ^uadro-sulphuret of potassium, K-f-4S. 103.55, is prepared by 
transmitting the vapor of Insutphuret of carbon over sulphate of pota»> 
fa at a red heat, until carbonic acid gas ceases to be disengaged. 

The quinto-sulnhuret of potassium, K+5S. 1 1 9i35, is formed by fus- 
ing carbonate or potassa, with its own weight of sulphur. 

The properties of the four last compounds are similar ; Ibey 
are deli<)uesceni, have a sulphureous odor, and are soluble in 
water. A' solution of the \uet dissolves sulphur, and renders 
n ftfoteWe tbat (Mhe^eoBnpouiMb may b« formed, 
18* 
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Phesphmreti of potassium. Several compoundt eztti, but 
their composition is unknown. Obtained by burning potas' 
Slum in phosphuretted hydrogen. 

Sdeniuret of potassium. Formed by fusing potassium and 
selenium together. They combine with explosive violeDCe, 
and a crystalline, fusible compound results, of an iron grey 
color, and metallic lustre. 

Cyanuret ofpotafnvmf K-f-Cy. 65.54, is formed by beating to red^ 
neM the anhydrous ferr<h-cyanuret of potassium in an iron bottle. 

Properties, Easily fused, and crystallises in colorless 
cubes, pungent and alkaline to the taste, and pdaooous, act* 
ing like hydro-cyanic acid ; deliquescent, and very soluble ki 
water ; used sometimes as a medicine. 

SulpJuhcyanuret of Potassium, K-|-Cy. 97.74. 

SODIUM, Symb. Na. Equiv. 23.3. 8p. gt. 0i>72. 
" Sodium was discovered by Sir H. Davy in ISl*?, a few 
days aAer the discovery ofpotassiumy and by a similar process. 

'^ Process, It may be obtained in small quantities by gal- 
vanism. But the process of obtaining it from soda, now gen- 
erally practised, is precisely the san^e as that for potassium. 

Properties, Sodium resembles potassium in many of Its 
properties. It is a white, opaque solid, of a metallic lustre, re- 
sembling silver ; yields readily to the pressure of the fingers, 
and may be formed readily into leaves ; fuses at 20d** Fan 
and is vaporized at a red heat. 

Sodium has so strong an affinity for oxygen^ that it rapid- 
ly decomposes water to obtain it, but does not inflame unless 
tbe water is heated, in which case it throws out beautiAil scin* 
tillations, oAen with violent combustion, 

Etp, Thrown upon water, it moves about upon its surface^ 
/ having the appearance of a silver ball, gradually growing less 
till the whole disappears. 

It oxidizes in the air or oxygen gas, but n6t so rapidly aq 
potassium ; hence, like that metal, it must be kept under nap- 
t^. The product of its combustion ^in oxygen apd its ac* 
tion upon water^ is lodd, the alkaline pvoperfieB of wfaWtdnf^* 
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be tested by <fropping a small piece of the metal into a bottle 
containing a vegetable infusion. 

Compounds of Sodium, 

•"^Protoxide of sodium^ NaO. 81.3, commonly called soda^ 
and by the Germans Natron ^ is formed by the oxidation of 
sodium in air, or water. 

Properties. A grey solid, similar to potassa, which it re- 
sembles in most of its properties ; very caustic, and has pow- 
erful alkaline properties. 

The hydrate has 1 eq. of water, and is easily fused. In 
other respects, it is similar to the anhydrous soda ; absorbs 
carbonic acid from the air, and passes into carbonate. 

It is distinguished from other alkaline bases by yielding, 
with sulphuric acid, the well known substance, called Gtau' 
ber'*s salts. All its salts arc soluble in water, and are not pre- 
cipitated by any re-agent, and give a rich color to the blow- 
pipe flame. The soda of commerce is generally a carbonate 
prepared from the ashes of marine plants, in the same man- 
ner as potash is from land plants. 

Uses. Employed for the manufacture of hard soaps, and 
fof culinary and medical purposes. 

Sesqui-^xide of sodium^ 2Na-|-30. 70.6, is formed when 
sodium is heatea to redness, in excess of oxygen gas. It 
has an orange-color^ but no acid or alkaline properties. It 
is resolved by water into soda and oxygen. 

Chloride of sodium. Na-|-CI. 58.72. This substance is 

formed by burning sodium in chlorine gas, or by saturating 
soda with hydrochloric acid, and evaporating to dryness. It 
is a very abundant natural product, under the name of rock- 
^saU. It exists in sea-water, and salt-springs, from which it 
18 obtained by evaporation. Great quantities are manufactured 
on the se^-coast of N^w-England, and at Salina,.N« Y. The 
water at the latter place, according to the analysis of Beck, 
contains ^ of its weight of pure dry chloride of sodium. 

^, Properties. A well known solid, crystallizing in regular 
cubes ^ and by sudden evaporation, in hollow, quadrangular 
pyramids. It is dissolved in 2^ times its weight of water, at 
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W Far. ; gradually fuses wheii heated, and decrepitates wheo 
thrown into the fire ; is decomposed by carbonate of potana 
and nitric acid. 

Uses, The utility of salt, depends on its property of pre- 

senring animal and vegetable substances from putrescence. 
It 18 a remarkable fact, that dry salt is a chioridi of sodium^ 
a solution of salt is a hydrochlorate of soda. 

Iodide of sodium, Na-f-I. 149.6. Prepared in the fame manner 
as the iodide of potassium ; exists in sea-water, salt-springs, and in 
the residual liquor from kelp. 

Bromide of sodium. Na-|-Br. 101.7. Analo^us to fet-salt, exists 
in sea-water and salt-springs, and crystallizes in cubes. 

Fluoride of sodium t Na-f-F. 41.93 is formed by neutralizing hy- 
drofluorie acid with soda; crysiallizes in cubes^and when carbonate 
of soda is present, in octohedrons. Nearly insoluble in alcohol, sol- 
uble in 25 times its weight of wa'ter, attacks glass vessels when evap- 
orated in them, aproperty which is common to most of the compounds 
of fluorine. 

Sulphuret of sodium^ Na-jkS. 39.4 is obtained in the same man- 
ner as the proto-sulphuret of potassa, and has similar propertiesL. 

The cyanuret of sodium^ Na-|-Cy', 49. G9, and the sulpho-eyaUuret 
of sodium t Na-|--CyS*. 81.89, are similar to the correspond ing com- 
pounds of potassium. 

Chloride of soda is prepared by passing a current of chlorine gas 
into a cold solution of caustic soda. This liquor has received the 
name of Labarraque's disinfecting soda liquid , and is used extensive- 
ly in the arts, and in medicine. 

Properties. A liquid of a pale yellow color, with slight 
odor of chlorine. Its taste is sharp, saline, and but little al* 
fcalinc ; reddens tumeric, and then bleaches it. When evapo* 
rated it yields damp crystals ; decomposed by exposure to the 
air. 

Uses, It may be used for all the purposes of bleaching to 
which chlorine was formerly applied, in medicine to purify 
apartments, dissecting rooms, for destroying the fetor of ulcers, 
and for removing the offensive odors of sewers, drains, and all 
kinds of animal putrescence. 

AUoy of sodium and potassium — 10 parts of potasnom, and 
1 of sodium, from an alloy which is liquid at zero Far., and 
18 tighter than naptha, or rectified petroleum. 

LITHIUM. Symb. L. Equiv. 6.44. 
" -Tim substance was obtained by Davy, by roeaoi of gal? an- 
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ism, as a whitt-colored metal like sodium, but it oxidized so 
rapidly that he was unable to examine its properties. 

Compounds of Lithium, 
Protoxide of lithium, lithia^ L+0. 14.44, was discovered 
in 1818 by M. Arfwedson, in the mineral petalite ; it exists 
in spodumene, lepidolate, and several varieties of mica. 

Preparation. One part of petalite to two of fluor-spar, are 
finely pulverized, and the mixture heated with four times its 
weight of sulphuric acid till the acid vapors are disengaged/ 
Sulphate of iilhia and alumina are formed. These salts are 
then dissolved in water, and boiled with pure ammonia to pre* 
cipitate the alumina; filter and evaporate to dryness, and 
then expel the sulphate of ammonia by a red heat. The re- 
sult is a pure sulphate of lithia, which must be decomposed by 
acetate of baryta, and the acetate, by a red heat, is converted 
into the carbonate, and this reduced to the caustic hydrate^ by 
boiling it with lime. 

Properties. Similar to potassa and soda, in its alkalinity, 
and chemical relations. It is distinguished from them by its 
greater neutralizing power ; when exposed to the air it ab- 
sorbs carbonic acid, and becomes opaque. 

Chloride of Uthium, L-|-C1. 41 .86^ is obtained bv dissolving lithia 
in hydrochloric acid, evaporating to dryness, and Aisiog the residue. 

Properties. A white, semi-transparent solid, and like the 
chlorides of potassium and sodium, forms by evaporation co- 
lorless, anhydrous, cubic crystals, which difier from those 
chlorides in being very deliquescent, dissolving freely in wa- 
ter and alcohol, and tinging the flame of alcohol red. 

- Fluoride oflitJtium, L-|-F. 25 12, prepared by dissolving lithia in 
hydrofluoric acid, and is a very fusible solid. 

Sect. 2. Met allic bases of the alkaline Earths. 

BARWM. Symb. Ba. Equiv. 68.7. 
,^%rium was discovered by Davy in 1808. 
.. JProcess. The process consisted in forming the carbonate 
of baryta into a paste with water, placing a globule of mercu- 
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ry in a small hollow made in its sarface, and laying the patto 
on a platinum tray, which commanicated with the positive pole 
of a galvanic battery of 100 double plates, while the negative 
wire was in contact with the mercury. The baryta was de- 
composed, and its barium entered into combination with the 
mercury. This amalgum was heated in a vessel, free horn 
air, by which means the mercury was expelled, and ilie bari- 
um obtained in a pure state* — T. 
" Properties. The metal, thus obtained, has a dark grey ea- 
ter, with a lustre inferior to cast iron. It is much heavier 
than water; it even sinks in sulphuric acid. Its attraction for 
oxygen is scarcely less than that of the preceding metals ; ]», 
converted into baryta by exposure to the air ; decomposes wa* 
ter with effervescence, from the escape of hydrr^en gas^ It 
has been obtained but in small quantities, and its properties 
are not accurately defined. 

Compounds of Sarivni. 
• — Protoxide of barium^ or haryta^ Ba+0. 76.7, was discov* 
cred by Scheele in 1774, and called barytes or baryta^ from 
the great density of its compounds. 

Process. It is the sole product of the oxidation of barium 
in the air, and in water. It is also obtained by exposing the 
nitrate of baryta to a red heat, or the carbonate, mixed with 
charcoal, to an intease white heat. 

Properties. Baryta is a gi^y powder, sp. gr. 4., very dif- 
ficult of fusion ; has a sharp, caustic, alkaline taste, with othei' 
alkaline properties; insoluble in alcohol, but has a strong af- 
finity for water, and slacks like lime, but with the evolution 
of more intense heat, and is converted into a white, bulky hy» 
Jrate^ which fuses at a red heat, but cannot be deprived of it» 
water at the highest temperature of a smithes forge. A satu- 
rated solution yields on evaporation transparent, flattened, 
fNrismatus crystals, containing 10 atoms of water to 1 of baryta. 

Tkh soltUim is* an ejEcellent test of carbonio acid, ^t oth^ 
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gaseous mixtures Id the fttrnodphere'. The acid giv^ ft mtthy 
lippearance to the clear solution, due to the solid carbonate of 
baryta which is precipitated. 

Distinguished by all its soluble sahs, being precipitated l^ 
alkaline carbonates, and by the insoluble sulphate which can* 
not he separated by any other acid. 

Binoxide ofharium^ Ba+^O. 84.7, is formed by conducting dry oxy- 
geft gfts ofer pure tiarytn. at a red heat. It is a greyish-white tub- 
stance, employed by Thenard in obtaining the binoxide of hydrotren. 

Chloride ofhariumy Ba+Cl. 104.12, is prepared by decomposing ti 
•olotion f>f sulphuretof barium with hydrochloric acid, or by eon*' 
ducting chlorine gis over baryta, at a red heat. On concentrating 
the sdlution, the chloride crystallizes in flat, four- sided tab^ps, tyeveF 
led at the edires like crystals of heavy-spar. They consist of 1 equi v . 
of tlie chlaiide, to 2 of water. 

Properties. Pungent and acrid to the taste. The crystals 
do not change in moist air ; but in a very dry air, at 60* I hey 
lose their water of crytailization, and are rendered anhydrous 
at a full red lieat — decomposed by sulphuric «cid and alka- 
line carlK)nutes. 

Iodide of barium^ Ba+I. 195., is formed by acting on ba- 
ryta with hydriodic acid, and evaporating the solution. Solu- 
lie in water, and forms colorless, needle-shaped crystals. 

Bromide of barium^ Ba-f-Br. 147.1, is prepared by boiling 
proto-bromide of iron with moist carbonate of baryta, evapo- 
rating the filtered solution, and heating the residue to redness. 
The product crystallizes by careful evaporation, in white 
rhombic prisms, which Iwve a bitter taste ; are slightly deli- 
quescent, and soluble in water, and alcohol. — T. 

Fluoride of barium^ Ba+F. 87.38, is prepared by digest- 
ing nu>ist carbonate of baryta in hydrofluoric acid. It is a 
white powder, soluble in nitnc and hydrochloric acids. 

Sulphurtt ofbaritm, Ba+S. 84.8, is prepared by passing 
dry hydrosulfmuric acid over pure baryta, at a red heat. It 
dissolves readily in hot water, and dejxosits colorless crystals 
on cooling. It may be employed for obtaining pure baryta by 
a process described by Turner, 5th ed. p. 308. 

Ci^anuret of bar inm, Bsi-\'Cy. 95.09, is procured l)y thd 
action of hydrocyanic acid on baryta. It is slightly soluble in 
water, has an alkaline reaction, and is decomposed by the 
carlionic acid of the air. 

JSMJ^kihcyaniireiofbarimm,Bai+CyS^. 127.29, is obtaioed 
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in the same way as the sulpbo-cyanuret of potassium. It ia 
very soluble in water, and crystallizes in beautiful needles, 
sligntly deliquescent. 

Phosphuret ofbariuMf is formed by heating to redness anbydroot 
oaustic baryta, and throwing into it pieces of phosphorus, it decom- 
poses water, and forms phosphuret of hydrogen. 

^ STRONTIUM. Symb. Sr! Equiv. 43.8. 
^ /Strontium was discovered by a process similar to that for 
barium^ which it resembles in most of its properties ; oxidizes 
in the air ; decomposes water, by which process it is convert- 
ed into strontia. 

Compounds of Strontium. 
Protoxide of strontium, Sr+O. 51.8, was discovered*by 
Dr. Hope in 1792 ; also by Klaprolh. 

Preparation. It was formerly extracted from strontianitt 
(a carbonate of strontia), found at Strontian in Scotland, hence 
its ,name. It may be prepared from the nitrate, or carbonate 
of strontia, in the same manner as baryta. 

— Properties. It resembles baryta in most of its properties.- 
A grey substance, pungent and acrid t^o the taste ; slaked with 
water it produces intense heat, and is converted into a hydrate 
which fuses readily, but the highest temperature of a blast 
furnace will not separate the water ; soluble in boiling water, 
and crystallizes on cooling. The solution, like baryta, is an 
excellent /esf of carbonic acid. 

Peroxide of strontium^ Sr-|-20. 59.8, is prepared in the 
•ame way as the peroxide of barium, and like it is employed 
to form binoxide of hydrogen ; decomposed by dilute acids 
into strontia and oxygen. It is white, of a brilliant lustre, in- 
odorous, and nearly tasteless. 

Chloride of strontium, Sr-jrCl 79.22, is obtained in a man* 
ner precisely similar to the chloride of barium ; crystallizes 
from its solutions in colorless prismatic crystals, which are 
distinguished from baryta by being soluble in twice ibdr 
weight of water at 60°, and by the red tinge which it gives to 
the flame of an alcoholic solution. The anhydrous chloride 
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fusea at a red heat, and yields a white, cryslalibe, brittle man 
on cooling. — ^T. 

iodids of strontium. Sr-|-l. 170 1. is prepared in th« tnnie maimct 
an iodide of hariiim. It is yery soluble in water, fuses without decom- 
position in close vessels, but is lesolved into iodine and strontia, by a 
red heat, in the open air. 

Fluoride of strontium ^ Sr-|-F. 6*^.48, is obtained in the same way 
as the fluoride of barium. It is a white powder, sparingly soluble. 

FrotO'Sulphurel of strontium, Sr-|-S. 51).9, is similar in its proper- 
ties, and modes of preparation, to the corres^nding compound of 
barium. 



-CALCIUM. Symb. Ca. Equiv.20.5. 

- - Calcium was discovered by Davy in 1808, by exposing lime 
to the action of the galvanic batter}'. 

~-I*roperlies^ It is of a whiter color than barium, and it 
converted into lime by oxidation. Its other properties are 
unknown. 

Compounds of Calcium. 
Protoxide of calcium^ Ca+O. 28.5, is generally obtained 
by burning common limestone (carbonate of lime) in kilns, 
for three or foiir days, to expel the carbonic acid. It is 
then called /jmc, or quick lime. The purest lime is pre- 
pared from the Iceland spar, or Carrara marble. 
— Properties. A brittle^ greyish- white, earthy solid, of an 
acrid, caustic and alkaline taste, sp. gr., 2.3, difficult of fusion, 
but promotes tlie fusion of other bodies, and is hence used as a 
flux in smelting the ores of the metals. It has a strong affin* 
ity for water, with which it combines with the disengagement 
of heat, and forms the hydmte — a bulky, white substance, 
called staked lime. This parts with its water at a red heat, 
and is more soluble in cold than in hot water. 

Lime water. This is simply a solution of the hydrate, 

and possesses similar proponios, absorbs carbonic ackl from 
the air, and should therefore be kept in close vessels. It is • 
most delicate test of carbonic acid, a property already no- 
ticed under carbon. 

19 
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' Uses. The uses of lime are well known for a cement, for 
plaster, and as an anti-acid in medicine. A substance al* 
roost indispensable in every civilized country, and hence the 
Creator has made it very abundant and widely diffused, 
(the carbonate forming | part of the crust of the globe). 

Peroxide of calcium^ Ca-4-20. 36.5, is similar in proper- 
ties, and in the mode of preparation, to the peroxide of ba* 
rium. 

Chloride of calcium^ Ca+Cl. 55.92, exists in sea-water 
and some saline springs, and may be formed by dissolving 
marble in hydrochloric acid. On evaporation, the solution 
yields colorless prismatic crystals, which consist of 10 eq. of 
water to I of the chloride ; these are rendered anhydrous by 
heat, and fuse at a red heat, but absorb the water again from 
the air, and deliquesce, owing to their strong attraction for wa- 
ter. It is much used iot freezing mixtures with snow. Solu- 
ble in alcohol, with which it forms a definite compound. 

Iodide of calcium^ Ca+I. 146.8, is prepared by digesting 
hydrate of lime with protoxide of iron. It is a while, fu- 
sible compound, deliquescent, and very soluble in water; 
tho solution will dissolve a large quantity of iodine, and on 
evaporation, yield the periodide of calcium^ in black, pris- 
matic crystals. 

Bromide of calcium^ Ca-j-Br. 98.9, is prepared in the 
same manner as the iodide, which it resembles in its proper- 
ties. 

Fluoride of calcium. Ca-j-F. 39.18. This is an abundant 
natural product, generally called fluor-spar or Derbyshire 
spar. It occurs in beautiful cubic crystals, the primary form 
of which, is an octohedron, used extensively for ornamental 
purposes, and is justly celebrated for the variety and beauty 
of its colors ; fuses at a red heat, insoluble in water, and is 
decomposed by sulphuric acid ; thrown in coarse powder on 
hot iron, it emits beautiful phosphorescent light, varying from 
red to purple and green. 

ProtO'Stdphurct of calcium^ Ca-f-S. 36.6, may be pre- 
pared by exposing sulphate of lime to a strong heat m a 
charcoal crucible. It is white with a reddish tint, and pos- 
sesses the remarkable property of becoming phosphorescent 
If exposure to the light. It is the essential ingredient in 
Canton*s phosphorus. ^ 

Bisulphur^ of ealcitim, Ca-|-2S. 52.7, occnra in oraoffe-colored 
erystals, prepared by boiling 3 parts of alaked lime, 1 of auTphur, and 
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20 of water for a few hours, and setting the solution aside in bottles 
corked tight for several days. When either of the above solutions 
is boiled with sulphur, the solution contains calcium with 5eqniT. 
of sulphur — the quinto-sulvhutet of calcivm, Qa-f-5S. 101. 

Phosphuret of calcium^ Ca*|^P. 5(5 ii, is formed by passing the va- 
por of phosphorus over quick lime, at a low red heat. U is a brown 
iobstance, and when thrown into water, forms by mutual dccom> 
pOBiiion^pfiospkuretted hydrogen, hypo-phosphorous acid, and phospko- 
ric acid. 

Chloride of lime. Ca+O+Cl. 63,f>2. This substance, commonly 
called oxymuriate of /me, or bleaching pmoder^ is prepared by expos- 
ing recently slaked lime to an atmosphere of chlorine. The gas w 
rapidly absorbed, and enters into direct combination with the lime, 
although Dr. Ure thinks that no definite compound is formed. 

Properties, A dry, white powder, similar to quick lim«, 
having the odor of chlorine, which it readily yields up when 
moistened wilh water ; possesses powerful bleaching properties, 
for which purpose it is extensively used in the arts, The 
strength of the chloride is estimated by the quantity of in- 
digo which a given portion of the bleaching solution will de- 
prive of its color. Used also in medicine, as a disinfecting 
agent ; it should be kept in every family. 



MAGKE^WM. Symb. Mg. Equiv. 12.7. 

Magnesium was discovered and obtained in small quanti* 
ties by Sir H. Davy, by means of galvanism ; but M. Bus* 
sy, in 1830, obtained it in greater abundance by the action 
of potassium on chloride of magnesium. 

Process. For this purpose, five or six pieces of potassium, 
of the size of peas, were introduced into a glass tube. The 
sealed extremity of which was bent into the form of a re- 
tort, and upon the potassium were laid fragments of chloride 
of magnesium ; the latter being then heated to near its point 
of fusion, a lamp was applied to the potassium, and its vapor 
transmitted through the mass of the heated chloride. Vivid 
incandescence immediately took place ; and on putting the 
mass aAer cooling into water, the chloride of potassium, with 
undecomposed chloride of magnesium was dissolved, and 
metallic magnesiutn subsided. — ^T. 

Properties. A very malleable solid, of a white color like 
silver, and of a brilliant, metallic lustre. Dry air and water 
do not oxidize it, but moist air does; heated to i^dness in 
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oxygen gas, it burns vividly and forms magnesia. In cblo* 
rtne gas it inflames spontaneously. 

Compounds of Magnesium. 
Protoxide of Magnesium, Mg-fO. 20.7, commonly known 
by the name of magnesia^ is prepared by exposing the 
carbonate to a strong heat, to expel the carbonic acid. 

Properties. A white, fusible powder of an earthy ap- 
pearance, without taste or odor, sp. gr. 2.3 ; very infusible 
and sparingly soluble in water, requiring 5142 times its 
weight at 60*", and 36.000 of boiling water to dissolve it. The 
product is a hydrate. It changes vegetable infusions slight- 
ly, but possesses the properties of an alkali, by forming 
neutral salts with acids; absorbs water and carbonic acid 
from the air, and should be kept in close bottles. It exists ki 
nature in serpentine, steatite, magnesite, and in sea*water, in 
considerable abundance. 

Chloride of magnesium, M^^"^* ^-^^i i^ prepared by dissolviiti^ 
magnesia in bydrocbloric acid, evaporating to drjrneia, mizinff th« 
residue with its own weight of hycirochlorate of ammonia, and pro^ 
jecting the mixture in successive portions into a platinum crucible 
at a red heat. The ammonia is expelled, and the chloride remains a 
transparent, colorless mass ;|^ very deliquescent, and soluble in water 
and alcohol. 

Iodide of Magnesium, Mg-|-1> 139, is formed by dissolving mag* 
nesia in liydrindic acid ; known only in solution with water. 

Bromide of magnesium, M^-|-Br. 911, is prepared by dissolving 
magnesia in hydrobromic acid. It occurs in smalt aoioular crytftals^ 
•fa sharp taste, very deliqueseent and soluble; it is decomposed by a 
strong heat. 

Fluoride of magnesium. Mg-4~^* 31.38, is formed by digestiog mag- 
nesia in excess of hydrofluoric acid, it is insoluble, and bears a red 
heat without decomposition. 

Sect. 3. Metallic bases of the Eaeths. 
JILUMimUM. Symb. Al. Equiv. 13.7. 
Sir H. Davy proved that alumina was an oxidized body, 
and Wobler succeeded in decomposing it, from which he ob« 
tained the pure metal, aluminium. 

Preparaiion. This metal n^ny be obtained by beating tbe 
chloriae of aluminium with potassium in a covered platimim 
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or porcelain crucible. Inteme heat is evolved during i\^ 
process. After cooling the mass, it is put into water, bv 
which the saline matter is dissolved ; hydrogen gas, of an of- 
fensive odor is evolved, and a grey powder subsidies. Thif 
powder, after being wa^ied in cold water, is pure a/uminuA«». 

Properties. Aluminjum as thus prepared is a grey powder, 
similar to platinum, but when rubb^ in a mortar, exhibits dis- 
tinctly a metaUic lustre. Fuses at ^ higher temperature thaa 
cast iron, and in this state is a oonductor of electricity, but ^ 
non^sonductor when cold. 

Exp, Heated in the air to redness, it bums brilliantly and 
forms alumina, but when introduced into oxygen gas, at a red 
heat, it burns with such splendor, that the eye can hardly sup- 
port the light, and with so much heat, that the resuUing alumi- 
na is partially fused into yellow fragments, as hard as corun- 
dum, which not only scratch, but aljsolutcly cut glass. 

Ezp. Takes fire in chlorine gas at a red heat, but is tint 
oxidized by water at common temperatures, nor attacked by 
cold sulphuric, and nitric acids ; soluble in solutions of potassa 
and ammonia, and in hot sulphuric, rtr dilute sulphuric atid* 
hydfocbloric acids. 

Compounds of Aluminium. 

Sesgui'Oxide of aluminium^ 2Al-f 30. 27.44-24=51.4, is 
the only known oxide of aluminium, and is commonly called 
ehtmina^ or altminaus earth. 

Natural History. Alumina is very abundant in naluie, 
being found in every region of the gfobe, and in rocks of all 
ages. The diffonent kinds of clay of which bricks, pipes, and 
earthern-ware are made, consist mostly of hydrate ofalufni- 
na. It is also found beautifully crystallized, in some ot thfi 
most beautiful gems. The ruby and the sapphire are nearly 
pure alumina. 

Pteparaiion. It may be prepared fbr chemical purposes 
from alomr which i» a suipknte of alumina tmd potassa. Dis- 
solve pure alum in water, and pre^pttate theahinuna by <Mp 
bonate of ammonia.- This, when waslied in hot water and A^ 
tared, is the hydrate^ which may be rendered pure by a white 
19* 
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heat An easier process is to expose the sulphate of ahnnimiC 
and «mmonta to a strong heat, so as to expel the ammonia 
and sulphuric acid. M. Graudin has succeeded in forming ni- 
bies, by mixing ammoniacal alum with sj^ part of chi^metd 
of potassa, and exposing to a high beat. 

' Properties, ftiodorous, tasteless, and possesses the proper-' 
ties both of an acid and an alkali ; insoluble in water, but has 
^ powerful affinity for it ; when moistened, it forms a ductile 
mass, which gives it its great utility in the arta It is a remarka- 
ble exception lo the law, that heat expands all bodies. There 
tfe probably several hydrates of alumiiut. 

Uses. Used for bricks, and various kinds of pottery. 

Sesgui'chloride of aluminium, 2Al-|-3Cl. 133.66, was discov* 
ered by Wohler, by transmitting dry chlorine gas over a mix- 
ture of alumina and charcoal, heated to redness. It is of a 
pale, greenish-yellow color, f>artially translucent, of a highly 
crystalline lamellated texture, somewhat like talc, but without 
regular crystals. On exposure to the air, it fumes slightly, 
emitting an odor, like hydrochloric acid gas. . . 

Exp. When thrown into water, it is speedrly dissolved with sliisv^ 
ing noise, and so much heat is evolved, that the water, if in small 
quantities, is brought into a state of brisk ebullition, and forms the 
hydrochlorate of alumina. 

Sesqm-sulphitret tifaluminiitm, SAl-f3S. 75.7, is prepared by drop- 
\ng a piece of sulphur on to aluminium, strongly heated. It is a vit- 
rmed, semi-metallie substance, of a dark color. 

Seaqui-phosphuret of atuminiwrn, 2A14-3P. 74.5^ is forined by beam- 
ing aluminium in contact with the vapor of phosphorusj it is a black- 
iirfi^Tey pulverulent mass, wbtcH, by friction, acquires a dark grey 
metallic lustre, and in the air, has the odor of pbp^phureited hydro* 
gen. 

8§squi-sdeniuret of aJwtnimwnit, SAl-f-SSe. 146J2, Is obtained by 
beating to redness, a mixture of selenium and aluminium. It is « 
black pulverulent substance, which acquires a metallic lustre when 
nibbed. 

GLUCimUM. Syrob. G. Equiv. 26.5. sp. jp:. 3. 
Glucinium w^s obtained by Wohler io 1828, by the ae^on 
of potassium upon the chloride of glueinuiin* The process is 
BRBiiar to that for obtaining alumintum. It appears in the 
fbrm of a grey powder, which acquires the metallic lustre by 
burnishing, and is easily oxidized. 
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Sesqui'Oxide of glucinium^ or ghicina^ 2G-f-30 .77, was dis- 
covered by Vanquelin in 1798. It is found only in the min* 
erals emerald, ^cryl^ and euclase. 

Process, It is obtained by exposing beryl in fine powder, 
with three times its weight of carbonate of potassa, to a strong 
red heat. The fused mass is dissolved in dilute hydrochloric 
acid, evaporated to dryness, re-dissolved in acidulated wa- 
ter, and the alumina and glucina are thrown down by ammo- 
nia ; the precipitate macerated by carbonate of ammonia 
which dissolves the glucina, and on boiling the filtered liquor, 
carbonate of glucina subsides ; the carbonic acid is then ex- 
pelled by a red heat. 

Properties, A white powder, without taste or odor, quite 
insoluble in wafer. Pure potassa or soda precipitates it from 
its salts ; distinguished from alumina, by being precipitated 
from \\» soHition with carbonate of ammonia, when the solu* 
tioo is boiled. 

YTTRIVM, Symb. Y. Eqoiv. 32.2. 

Yttrium was prepared by Wohlcr, in 1828, by a process 
similar to that for obtaining glucinium. 

Properties, It ha« a scaly texture, a greyish black cobr, 
and a perfectly metallic lustre. It is a brittle metal, and 
burns with splendor in common air, and with still greater brit* 
fiaocy in oxygen gas. The result of this combustion is the 
earth yttria^ which was discovered in 1794 by Gadolin, in a 
mineral at Ytterby, Sweden. It is of a white color, soluble 
in sulphuric acid, and combines with sulphur, selenium, and 
phosphorus* Its salts have a sweetish taste, and some of 
them have an amethystine color. 

THORIUM, Symb. Th. Equiv. 59.6. 

This metal was proctired by the action of potassium on the 
chloride of thorium ; decomposition being accompanied by a 
slight detonation. On washing the mass, thorium is lef\, in 
the form of a heavy, metallic powder, of a deep leaden grey 
color, and when pressed in an agate mdrtar, it acquires metaU 
lie lustre and an iron grey tint.— 'T. 



Digitized 



by Google 



HM Metab — ^iramium. 

Properiits. Thorium is not easily oxidized at common tem- 
peratures, but bums with great brilliaucy in the air. It is no^ 
acted upon by alkalies, scarcely at all by nitric, and slowly 
by sulphuric acid ; but is readily dissolved by hydrochlpric 
acid, with the disengagement of hydrogen gas. 

Protoxide of thorium^ or thorina^ ThO. 67.6, wa» discov- 
ered by Berzelius in 1828, in a rare mineral from Norway, 
called thorite. It is a white, earthy substance, soluble in none 
of the acids, except the sulphuric, and is precipitated from its 
solutions by the caustic alkalies as a hydrate^ in which state 
it absorbs carbonic acid from the atmosphere, and dissolves in 
acids. 

It is distinguished from alumina and glucina, by its insdii^ 
bility in pufe potassa, and from yttria, by forming with sul- 
phate of potassa a double salt, insoluble in a coU, saturated 
solution of sulphate of potassa. 

ZIRCOmUM. Syrab. Zt. Equi?. 33 7. ? 

Zircomiwn was discovered by BerzeHus in 1894 It ia ob- 
tained by heating the double fluoride of zircoiiia and potassa, 
Gainfully dried and mixed with potassiiim in a ^ass or iron 
retort. The mass is then washed in hot water, an4 digested 
for some time ia hydrochloric add. 

Properties. This substance exists in the form of a black 

powder. It may be pressed out into thin shintng scales, but 

its particles adhere very slightly. It is a non-ccmductor of 

electricity. It takes fire when heated in the opes air, at a 

temperature below a red heat ; the product is zirconia* 

Sesoui-oxide of zirconiunty or zireeniaj 2Zr-f-80. D1 .4, wavdIiMoverNi 
by Klaproth in 1789, from the Zircon, or Jargon of Ceylon ; 17 parts 
of this substance finely pulverized and mixed with 21 of litharge, may 
be fused, and a glass ohtiineJ, soluble in acids, from which the zir- 
Qpoia i« derived, pr it can be formed directly by ibe eonabuAtiqn of 
the metal. 

Properties, A fine, white powder, inodorous, ai>d tasleleaa, 
sp. gr. 4 ; exposed to a strong heat it fuses, assuring a light 
grey color ; when cool, it is so hard as to strike di^ with 9teel, 
and to scratch quartz crycftaL 
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Manganese, 936 

Sect. 4. Metals, the oxides of which are neither 
alkalies if or earths. 

1. Metals which decompose water at a red heat. 

MAXGAKESE. Symb. Mn. Eq. 27.7. Sp. ^. 8.013. 
Id 1774, Scheele described the black oxide of manganese 
as * a peculiar earth.' Gahn subsequently discovered that it 
contained a new metal, to which he gave the name oimagnt" 
sium^ a term applied afterwards to the metallic base of mag- 
nesia ; and for which the words manganesium and manganic 
urn have been substituted. The metal is not found in the na- 
tive, or uncombined state, but its oxides are very abundant. 

Preparation, Make a paste with finely pulverized oxide 
of manganese and oil, and expose it to the heat of a smith's 
forge, in a Hessian crucible, lined with charcoal, for the space 
of two hours. 

Properties. A hard, brittle metal, of a greyish white co- 
lor and granular texture, very infusible^ not attracted by the 
magnet, except when it contains iron; soon tarnishes on 
exposure to the air, and absorbs oxygen rapidly when heated 
to redness. Decomposes water slowly at common tempera- 
tures, but rapidly at ^ r^d b^ftt, 

Compounds of Manganese, 

Protoxide of manganese^ Mn-|-0. 35.7, may be formed 
as shown by Berihier, by exposing the peroxide, sesqui-oxide, 
or red oxide of manganese to the combined agency of char- 
coal, and a white heat ; or by exposing either of the oxides 
contained in a glass tube, to a current of hydrogen gas, at an 
elevated temperature. 

Properties. When pure, it is of a light green, or moun- 
tain green color, undergoing little if any change in the open 
air, but oxidizes rapidly at 600® Far., and is instantly convert- 
ed into the red oxide, at a low red heat, and sometimes takes 
fire. It is the salifiable base of the metal, and is contained in, 
all Ub salts ; hence its stroog affinity for acids. 
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22^ Metals — Manganese. 

Stsqvi'oxide of manganese, 3Mn-4-30, or Mn+lJO. 79.4, occuri 
nearly pure in nature, and may be formed by exposing the peroxide 
to a red heat, it is the chief residue of the usual process of obtaining 
oxygen gas, but it is difficult to regulate the heat so as to obtain it in 
a pure state. * 

Properties, The color is brown or black, according to the 
source from which it is obtained ; Unites with tiltrlc and sul- 
phuric acids, and is converted by exposure to the air, into the 
peroxide. 

Peroxide of manganese. Mn-|-20. 43^7. This is a well 
known native product, connnDonly called 6/acA; oxide of man' 
ganese. 

Properties, It occurs generally in masses, of an earthy 
appearance, and black color, mixed with other substances ; 
but it is frequently found in small prismatic crystals. It is not 
affected by exposure to the air or water, but yields oxygen 
when heated to redness, and is the substance most generally 
employed for that purpose (see page 120) ; does not unite 
with acids or alkalies. 

Uses, Emptoyed Iki the arts for coloring glass, in prt* 
paring chlorine gas, and in forming the salts of mangar 
nese. . 

Red oxide of manganese, 3Mn-f40. 115.1. This is 
identical with the oxidum manganoso-manganium of Arfwed- 
son, and occurs as a natural product. It may be formed arti- 
ficially by exposing the peroxide or sesqui-oxide to a white 
heat ; color when finely rubbed, is nearly black, when warm, 
and brownish-red when cold. It is permanent in the air at 
all temperatures ; dissolves in small quantities by cold sulphu- 
ric acid, and more rapidly by the aid of chlorine ; the solution 
has an amethystine tint. It is the cause of the rich color of 
the amethyst. 

Varvicite. 4Mn-|-70. 166.8. Sp. gr. 4o'il. Known only as ft 
natural production, and first noticed by Mr. Phillips among some ores 
of manfiranese, found at Kartshillin Warwickshire, it re«embres th« 
peroxide in color, for which it was first mistaken, but may be distin- 
guished from it, by its stronger lustre, greater hardness, more lamel- 
lated texture, and by yieldmg water when heated to redness. It ii 
probabljr like the red oxide, a compound of two oxides, consisting of 
two equivalents of the peroxide, and one of the sesqui-oxide of man- 
ganese, with one of water. — T. 
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Compounds of Manganese. 927 

ganese is mixed with equal weights of nitre, or carbonate of 
potassa, and lieated to redness, it fuses, and a green-colored 
mass is formed, known by the name of mineral chameleon^ 
from the property of its solution to pass through sevieral shades 
of color. 

Exp, On the addition of cold water, a ^een solution if formed 
which soon becomes blue, purple and redf and ultimately a brown, 
flaculent matter, bydraied peroxide of manganese subsides. — T. 

These changes are owing to the formation of manganate of 
potassa, of a green color, which passes to the per-manganate 
of potassa, which is red, the blue and purple being due to a 
mixture of these compounds ; but the manganic acid has not 
been obtained in a separate state, owing to its ready decern* 
position. 

Permanganic acid. 2Mn-|-70. 111.4. This acid is more 
permanent, though easily decomposed, even by contact whh 
paper or linen in fihering. It may be obtained from the per- 
manganate of baryta, by sulphuric acid. 

Properties, Color red ; decomposed by water at 86** ; color- 
ing matter is bleached by it, but particles of organic matter 
floating in the air, decompose it rapidly. 

Proto-chloride of manganese, Mn-f-Cl. 63. 12, is prepared by eva- 
porating a solution of the chloride to dryness, and heating it to red- 
ness in a glass lube, while a current of hydrochloric acid gas is trans- 
mitted through it. Fuse's at a. red heat, and forms a pink-r»olored la- 
mellated mass on cooling. Deliquescent and very soluble in wa- 
ter.— T. 

Per-chioride tf manganese, 2Mn4-7Cl. 303.34, was discovered br 
Dumas, and formed by putting a solution of per-manganic, into sul- 
phuric acid, and adding fused sea-salt. 

Properties. When first formed it is a greenish-colored va- 
por, but by passing it through a glass tube cooled to -5^, it 
condenses into a greenish-brown liquid, decomposed instantly 
by water. 

Ptr-fiuoride of manganese, 2Mn4-7F. 186.16, was discovered by 
Dumas and Wohler. Prepared by mixing the mineral chameleon 
with half its weight of fluor-spar in a platinum vessel, and decompos- 
ing the mixture with fuming sulphuric acid. 

Properties. A yellowish-green gas, or vapor, which ac- 
quires a beautiful purple-red color when mixed with air ; freely 
absorbed by water, giving to the solution, the same red tint ; 
acts on glass with the formation of fiuo-silicic acid gas, and 
the deposition of a brown matter which acquires a deep pur- 
ple red tint by the addition of water. 



Digitized 



by Google 



3» Metals— Iron, 

Proto-sulvkuret of mangonts; Mn-f-S. 43«8, n fornid native hi 
Cornwall, Eng and may be formed by igniting the sulphat* wi4b 
one sixth of its weight of charcoal, in powder. 

Cyanuret of manganese^ Mn+Cy. 27,74-26.39^=54.09. Equiv. 

Phosphuret and carburet of manganese, mny be obtained 
by heating the metal in contact with phosphorus or carbon. 

Alloys of manganese. Manganese linites with several of 
the metals, forming alloys of little importance. 

IROJ^. Symb. Fe. Equiv, 28. Sp. gr, 7.78. . 

History, Iron is decidedly tJie most important and useful 
of the metnls. It appears essential to a state of civilizatiqni 
hence it is the most abundant, and widely diffused throughout 
different parts of tlie earth. Hence, too, it seems to have 
been made known to the first inhabitants of the earth, and 
used in all ages whore men have emerged even to the state 
of barbarians. It was formerly called Mars, 

Natural History, Iron is rarely found pure in nature. 
Even meteoric iron is alloyed with cobalt and nickel, but its ox- 
ides are very abundant. In combination -with oxygen and sul* 
phur, it is so widely diffused, that few minerals can be found 
that do not contain traces of it. It enters also into plants and 
animals. The ores of iron are the red oxides,Jncluding red 
and brown hemetiie ; the black oxide or magnetic iron ore, 
and the carbonate of the protoxide, either pure or in the form 
of clay iron ore. 

Process, The extraction of the inm from the ores is ef- 
fected, by subjecting them after being roasted and reduced to a 
coarse powder, to the action of charcoal, lime and caloric ; Ihis 
is the cast-iron, which contains some impurities, especially car* 
bon. The malleable or wrought-iron is prepared from this, by 
continuing the proces.s until the carbonaceous matter is burned 
out ; it then becomes solid again, and is put under a roller or 
hammer and drawn out into bars. Steel is the wrought- 
iron combined with carbon. The best wrought-iron bars are 
surrounded by dry charcoal and heated to a high tempem- 
ture. 
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Compounds of Iron. 2SM 

Properties. Iron has a peculiar grey color, and strong 
metallic lustre which is brightened by polishing, of which it 
is capable of receiving a higher degree than any other metal. 
It is less ductile and malleable than some others, but the most 
tenacious of all ; hence it may be drawn out into fine 
wire, but not into their leaves. Its texture is fibrous, and when 
heated is sof\, and possesses the property of being welded to 
other heated iron. When cooled suddenly it is brittle, but 
may be rendered malleable again by heat ; it is very infusible, 
and when combined with carbon, very hard. In this state, 
it is capable of being made permanently magnetic, — it is the 
great repository of natural magnets, and the only substance, 
save cobalt anil nickel, which possesses magnetic properties. 

Its uses in the arts are well known. 

Protoxide of iron, Fe-|-0. 36. The existence of this ox- 
ide was first inferred by Gay Lussac, but Stromeyer obtained 
it in an insulated form, by transmitting dry hydrogen gas over 
the protoxide at a low temperature. It may also b« precipi- 
tated from its salts as a white hydrate by pure alkalies, as a 
carburet by alkaline carbonates, as a white fero-cyanuret by 
fero-cyanuret of potassium, and as a proto-sulphuret by alka- 
line hydro-sulphates. 

Properties, Color dark blue, and communicates a blue tint 
to substances melted with it. It is magnetic, and so combusti- 
ble, that it takes fire spontaneously in the open air, and is con- 
verted into the peroxide. Its salts absorb oxygen so rapidly 
from the air, as to be useful in eudiometry. It is the base of 
the native carbonate, affd the green vitriol of commerce. 

Peroxide of Iron. 2Fe-f-30 or Fe-|- 1^0.80. This is the red 
hemetite of mineralc^sts, a very abundant natural production. 

It is made chemically by dissolving iron in nitro-hydro- 
chloric acid, and adding an alkali. 

The precipitate is of a bf ownish color, and is identical with 
the mineral called brown hemetite^ and consists of one equiva- 
lent of the peroxide, and two of water. 

Properties. It is a brownish-red compound, not attracted 
20 
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230 Metals — Iron, 

by the magnet It is precipitated from its salts by the pure 

alkalies, with fero-cyanaret of potassium it forms Prussian 

hlue^ with infusion of nutgalls it forms ink. 

Tests of the presence of iron in any compoeition, may be made by 
boiling it with nitric acid, which converts the iron into the peroxide ; 
the fero^cyanuret of potassium will then form a blue precipitate. 

Black oxide. {Fe+0)+(2Fe+S0.) 116. This compound 
IS called by Berzelius, oxidum ferroso-ferricum, and is sup- 
posed to be a mixture or combination of the two preceding 
oxides. 

It occurs native^ often in regular octohedral crystals. It is 
formed also when iron is heated in the open air, or in contact 
with moisture. It is not only magnetic, but is itself often a 
magnet. With sulphuric acid, an olive-colored solntidb is 
formed containing two salts, the sulphate of the protoxide, and 
peroxide, which may be separated from each other by means 
of alcohol. The black oxide is the cause of the green color 
of glass. 

Proto-ehJMridt of Iron, Fe-|-Cl. 63.4^, is formed by dissolving iron 
in hydrochloric acid, evaporating to dryness, and heating the pro- 
duct to redness, in a tube deprived of air. It is a grey, crystalline 
substance, fusing at a red heat, and is easily converted into the hy- 
drochlorate of the protoxide of iron. 

Per-chloride of iron, 2Fe4-3Cl. 162.26, is formed by the combus- 
tion of iron in chlorine gas. It is a yellowish-brown substance, crys- 
tallizes in small irridescent plates, of a red color; volatilizes at little 
above 2l2o ; deliquesces readily, and dissolves in water, alcohol, and 
ether, and is converted by water into the hydrochlorate of the per- 
oxide of iron. 

Protiodide of iron, Fe+I. 154.3, is prepared by digesting 
iodine in water and iron wire. On evaporating the solution 
to dryness, without exposure to the ait, and heating it mode- 
ralely, it yields crystals of an iron-grey color and metallic lus- 
tre, deliquescent, very soluble in water and alcohol, and used 
in medicine as a tonic. 

Theperiodide of iron, 2F+3I. 434.9, isobUined by exposing a so- 
lation of the protiodide to the air. It is ^ volatile, red compound, so- 
luble in water and alcohol. 

The protO'bromide of iron, Fe4-Br. 106.4, and the ver-bromide of 
iron, 2Fe+3Br. 291.2, are formed in a similar manner with the iodides, 
and have similar properties. ProUhJluoride of iron, Fe-f F. 46.68. 

Per-Jluoride of iron, 2Fe-{-3F. 112.04, is formed by disrolving per- 
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Compounds of Iron, %1 

oxide of iron in hydrofluoric acid. As the acid becomes satarated, 
crystals are formed in small, white, square tables, which are sparingly 
soluble in water. 

Proto-sulphuret ofiron^ Fe-j-S' 44.1, is prepared by heat- 
ing equal parts of sulphur and iron-filings in a covered Hes- 
sian crucibld ; considerable heat is evolved, and a yellowish- 
grey substance is formed ; this is completely dissolved, if pure, 
by dilute sulphuric acid, yielding hydro-sulphuric acid. It ex- 
ists in nature, in the variegated copper pyrites^ and forms a 
black precipitate, when hydro-sulphate of ammonia is mixed 
with the sulphate of the protoxide of iron. 

Sesqui-svlphuret of iroUf 2Fe-f-3S. 104.3, is fornrad by the action 
of the hydrosulphuric acid on the hydrated peroxide <^iron. 

It has a yelloNvish-grey color, and dissolves in dilute sul- 
phuric and hydrochloric acids, with the formation of hydrosul- 
phuric acid and bisutphuret of iron. 

Bisulphuret of iron. Fe+^S. 60.2. This is the iron p^- 
rites of mineralogists, and occurs abundantly in cubes, or m 
some analogous form, of a yellow color, and metallic lustre ; 
sp. gr. 4.981 ; so hard as to strike fire with steel ; hence its 
name. 

It is dissolved by nitro-hydrochlorlc acid, but by no other 
acid, except the nitric. By heat, it is converted into magnet- 
ic iron pyrites, if in close vessels, but exposed to thd air, into 
the peroxide of iron. 

Magnetic iron pyrites, (5Fe-f S)-f (Fe+2S.) 280.7. This 
natural product appears to be composed of five equivs. of the 
proto-sulphuret, and one of the bisulphuret. It may be form- 
ed as above. It is much more easily oxidized than the bi- 
sulphuret. 

Tetra-sulphuret of iron^ 4Fe-|-S. 128.1, and the disulphu* 
ret of irouy 2Fe-|-o. .72, may be formed by passing hydro- 
gen gas at a red heat, over the anhydrous sulphate of the pro- 
toxic^ of iron, to obtain the disulphuret, and over the disul- 
phate of the peroxide of iron, for the tetra-sulphuret. 

Properties. They exist in a greyish-black powder, soluWe 
In dilute sulphuric acid, with the evolution or hydrogen and 
hydrofluoric acid gases. 

Dipkospkuret of iron, 2Fe-j-P. 71 7, is prepared by heating the 
pliosphuret in a covered crucible, lined with charcoal. 

Properties. It is a fused, granular substance, which resem- 
bes iron in color and lustre, but is very brittle, and renders 
iron brittle, when contained in it, as it sometimes is. 

Perjfhosphuret of iron^ 3Fe4-4P. 146.8, is obtained by the action of 
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232 Metals — Iran. 

phoflphuretted hydrogen on salphuret of iron, and resembles the pre- 
ceding, in most of its properties. 

Carburets of iron. Carbon and iron unite in several propor- 
tions ; only three seem worthy of notice, graphite, cast or pig 
iron, and steel. 

Graphite is known as a natural product, under the names 
of plumbago and black-lead. There is not more than 10 per 
cent, of iron, and often not five. Used for pencils, crayons, 
crucibles, and for burnishing iron. 

Cast iron is a compound of carbon and iron, and is the 
product of melting the ores of iron with charcoal. Its uses 
are well known. 

Steel is formed by filling a furnace with bars of the best 
malleable iron, with layers of charcoal between, and subject- 
ing them to strong heat away from the air ; about 1.3 to 1.75 
per cent, of carbon combines with the iron. This is the sub- 
stance used for the various purposes of the arts. It is much 
harder than iron, but more brittle, also less ductile and mallea- 
ble, but more firm in its texture, and capable of a higher polish. 
By fusion it forms cast-steel. 

" ProtO'Cyanuret of iron, Fe+Cy. 54.39, is prepared by mixing in 
solution, cyanuret of potassium with sulphate of protoxide of iron; 
on exposure to the air, it passes to Prussian blue. 

ProUhsidphO'Cyanuret of iron, Fe-[-CyS*. 86.59, is obtained by dis- 
solving iron in hydro-sulpho-cyanunc acid, and evaporating the pale 
green solution to dryness in vtictio. 

Ses^-sulvhO'Cyanuret of iron, 2Fe-f3CyS'. 231.77, is prepared 
by mixing tne sulpho-cyanuret of potassium, with any salt of the 
peroxide of iron. It has a blood-red color, and is a very deli* 
cate test of the presence of iron. 

ZmC. Sym. Zn. Equiv. 32.a. Sp. gr. 7.00. 

Zinc has long been known in the east, India and China, 
but was first distinctly noticed in the sixteenth century, by 
Paracelsus, under the name of zinetum. Henckel is the first 
who obtained the metal from Calamine, in the year 1721. 
Von Swab first obtained it by distillation in 1742 ; and Mar- 
graff published a process in the Berlin Memoirs in 1746. 

Natural History. Zinc, like most of the metals, is rariely 
found pure in nature, but is an abundant substance in com- 
bination with oxygen, carbon and sulphur. 
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Compounds of Zinc, 233 

Process, Commercial zinc or spelter, is generally obtained 
from calamine, native carbonate of zinc, or from the native 
sulphuret, called by mineralogists, zinc blende. This is ox- 
idized by heating it in the open air, called roasting. It is 
then distilled ; that is, it is heated in a crucible open at the 
bottom and closed at the top, to which is affixed a tube^ 
which terminates just above a basin of water ; the gaseous 
products with the vapor of zinc pass through the tube, and 
the zinc is condensed. The first portions are impure, con- 
taining cadmium and arsenic, which give the brown blaze ; 
when the blue blaze is seen, the zinc is collected. It contains 
now some impurities, which are removed by a white heat in 
an earthen retort, to which a receiver full of water is adapted. 

Properties. This metal is blueish white, with a strong 
metallic lustre and laraellated texture ; it is a hard and brittle 
metal, but between the temperatures of 210® and 300° Far. 
it is malleable and ductile, and in this state is rolled out 
into plates; fuses at 773** Far. and when slowly cooled, 
crystallizes in four or six-sided prisms. It is easily pulver- 
ized when heated to a certain temperature below redness, and 
sublimes at a high temperature in close vessels, without 
change. 

Uses. Zinc 18 used extensively in the arts, for the construction of 
voltaic instruments, and for covering buildings. It has been pro- 
posed to use it for culinary vessels, water-pipes and sheathing for 
ships ; but it is so easily oxidized and acted upon by the Tireakest 
acids, that it is unfit for these uses. 

Compounds of Zinc. 
Protoxide of Zinc. Zn+0. 40.3. This is the only known 
oxide of zinc, formerly called flowers of zinc^ nihil album, 
and philosopher's wool. 

It is obtained by the combusUon of zinc in the open air, 
in oxygen gas, or by heating the carbonate to redness. It is 
found native in Franklin, New Jersey. 

The hydrated oxide of zinc may b^ obtained by uniting a. 
rod of iron and zinc, and placing them in caustic ammonia in 
a close vessel. 

Properties. At common temperatures it is white^ but afl-* 
20* 



Digitized 



by Google 



234 Meiats'^CadmUtnt4 

Bumea a yellow color when heated to redness ; ioaoluble in 
water, and is a strong salifiable base. 

The oxide is precipitated from its solutions, as a white hy- 
drate, by pure potassium and ammonia, and as a carbonate 
by alkaline carbonates. The oxide is sometimes substituted 
for white lead for paint ; it is more durable but not so white. 

Berzelius describes a sub-oxide, and Thenard a binoxide, 
but they are doubtful substances. 

Chloride of zmCf Zn+Cl. 67.72, is formed by burning zinc filing! 
in chlorine. It is colorless, fusible a little above 212^, and has so 
soil a consistency, at common temperatures, as to be called butter of 
zinc. 

Iodide of zinc^ Zn+I. 158.6, is prepared by digesting iodine in 
water with zinc filings. 

Bromide of zinc, Zn-|-Br. 110.7, is formed in a similar manner 
with the preceding. 

Fluoride of zinc, Zn+F. 50.98, is prepared by the action of hy- 
drofluoric acid on the oxide of zinc. It exists as a white solid. 

Sulphuret of Zincy Zn+S 48.4, is a native product, known 
by the name of zinc blende. It may be formed by heating 
sulphur with the oxide ; it crystallizes in dodecahedrons ; 
lamellated structute; adamantine lustre; color red, yellow, 
brown or black, iff^nuret of Zinc^ Zn Cy. 58.69. 

CADMIUM. SynO?. Cd. Equiv. 55,8. Sp. gr. 8.604. 
History, Cadmium was discovered in 1817, by Stromeyer 
of Gottingen, in an oxide of zinc which had been pre- 
pared for medical use. Dr. Clark detected it in the zinc ores 
of Derbyshire, and in the common zinc of commerce, and 
Mr. Herapath found it in considerable quantities in the zinc 
works near Bristol, England; 

Process. The following is the process of Stromeyer. 
The ore of cadmium is dissolved in hydrochloric or sulphuric 
acid in excess. The sulphuret of cadmium is precipitated 
by hydrosulphuric acid. Nitric acid decomposes this, and 
forms a nitrate, which is evaporated to dryness. To a solu- 
tion of this in water, an excess of carbonate of ammonia is 
added, and the white carbonate of the oxide of cadmium is 
precipitated, which, when subjected to a r^d heat, yields a 
pure oxide. The metallic cadmium is obtained from the ox" 
Mb, by heating it with charooaL 
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Properties, Cadmium resembles tin in its color and liis* 
tre, but is harder and more tenacious ; very ductile and mal- 
leable ; melts at about the same temperature as tin, and is 
nearly as volatile as mercury ; heated in the open air it ab* 
sorbs oxygen, and is converted into the 

Oxide of ccutmium^ Cd-f-0. 63.8, which is the only known 
oxide ; is a strong alkaline base, forming neutral salts with 
acids ; insoluble in water ; fixed in the fire ; and precipitated by 
all the alkaline carbonates, and by pure ammonia and potassa. 

Chloride of cadmium. Cd-|-Cl. 91.22. This compound is 
formed by dissolving oxide of cadmium in hydrochloric acid* 
By concentration, the chloride crystallizes in four-sided rect- 
angular prisms, which lose their water of crystallization by 
heat, and even in dry air; fused below redness, and sublimes 
at a high temperature. 

Iodide of cadmium y Cd^T. 182.1, is formed in the same way as 
the iodide of zinc ; soluble in water and alcohol, and crjstaUizes in 
lar^, colorless, transparent, hexagonal tables, which do not change 
in Die air, and have a pearly lustre. By heat they lose water, and 
then fuse. 

Sulphvret of cadmium^ Cd-f-S. 71.9, occurs in nature in 
zinc blende, and is prepared by the action of hydrosulphuric 
acid on the salts of cadmium. It has a yellowish orange- 
color, and may be distinguished from the sulphuret of arse- 
nic, by being insoluble m pure potassa, and by sustaining a 
white heat without subliming. 

Phosphuret of cadmium, is a grey compound, very brittle and 
fusible. 

r/JV. Symb. Sn. Equiv. 57.9. Sp. gr. 7.2. 
Tin was known to the ancients, in the time of Moses ; 
and was obtained, chiefly from Cornwall, England, and Spait), 
at a very early period by the Phenfcians. 

Process, The tin of commerce is obtained from the native 
oxide by heat and charcoal, and in the form of black and 
grain tin. 

Stream tin is the native oxide of Cornwall, which is foi^nd 
in rounded pebbles, occasioned by the action of water. Tin 
is seldom perfectly pure, containing a little copper, iron and 
arsemc. That from Malacca is the purest« Tin foil is 
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Properties. It occurs in crystalline scales, of a golden* 
yellow color and metallic lustre ; soluble in pure potassa, and 
Its only solvent among the acids, is the nitro-hydrochloric 
aoid. It is obtained as a h)rdrate by the action of hydro- 
sulphuric acid, and the bichloride of tin in solution. 

Ter»pho9]^kuret of tin^ Sn-f3P. 105, is formed according to Rom, 
by the action of phosphuretted hydrogen on a tolution of proto> 
chloride of tin. It oxidizes rapidly in the air. • 

COBALT. Symb. Co. Equiv. 29.5. Sp. gr. 7.834. 

Cobalt was discovered by Brandt, and derives its name, 
Koholc^ an evil spirit^ from the belief of the German mi* 
ners, that its presence was unfavorable to that of valuable 
metals. 

Natural History, It exists in nature generally in combi- 
nation with arsenic. It is also a constant ingredient in me- 
teoric iron, and is found combined with sulphur and other 
combustibles. 

Process* It may be obtained from the oxide by heating it 
in connection with charcoal, and then passing over it a 
stream of hydrogen gas, to combine with the oxygen. 

Properties. Cobalt is a brittle solid, of a reddish-grey 
color, and weak metallic lustre. Fuses at 130® Wedgewood, 
and crystallizes when slowly cooled. It is attracted by the 
magnet, and is susceptible of being rendered permanently 
Hiagnetic ; absorbs oxygen, when heated in open vessels. It 
is also oxidized by nitric i^cid, and decomposes water at a 
red heat 

Compounds of Cobalt. 

Protoxide of cobalt^ Co-|-0. 37.5, is obtained by decom- 
posing the carbonate by heat, in a vessel from which the air 
is excluded. 

Properties. It has an ash-grey color, and is the base of 
all the salts of the metal, most . of which are a pink-blue. 
When heated, it absorbs oxygen, and is converted into the 
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peroxide. It is distinguished by giving a blue tint to borax 
when melted with it 

Zqffre is an impure oxide of cobalt, obtained by heating 
the arseniuret in a reverbatory furnace. When this sub* 
stance is heated with sand and potassa, a beautiful hlue- 
colored glass is formed, known by the name of smalt^ and 
used in the arts for communicating the blue color to glass, 
porcelain and earlhen-ware. 

The protoxide is easily precipitated from its salts by alka- 
lies, the precipitates are of a blue or pale-pink color ; dis- 
solved in excess of alkali. 

^ Oxide cf cobalt, 3Co-|-40. 120.5, is probably a eoropoond of tb« 
peroxide and the protoxide. 

Peroxide of cohaU^ 2Co-}-30. 83, is obtained as a black 
hydrate with 2 equivs. of water, when chloride of cobalt is 
decomposed by chloride of lime. The water is driven off 
by exposure to a heat of 60(F or 700**. It combines with 
none of the acids, and when strongly heated, is decomposed 
and resolved into the protoxide and oxygen. 

Chloride of cobalt^ Co-f-Cl. 64.92, is obtained by dissolv- 
ing metallic cobalt or either of its oxides in hydrochloric 
acid. The solution is of a pink color, and yields on evapora- 
tion small crystals of the same color. When these crystals 
are deprived of their water of crystallization, they assume a 
blue color, a property on which is founded its use as a sym* 
pathetic ink. 

Exp. Write on paper with a dilute solution of the chloride, and 
expose it to a gentle heat, it becomes blue. This solution is called 
HtUoVs sympathetic ink, and is described by some chemists as a mU' 
riate of cobalt ; but Turner thinks it a chloride, analogous to several 
other compounds, generally described as muriates of the metals. 

Sulphurets of cobalt. Cobalt unites with sulphur in three 
proportions. 

The protO'SuLphurel, Co-j-S. 45.6, is formed by throwing fragments 
of sulphur on red-hot cobalt; has a grey color, a metallic lustre, 
and crystalline texture. 

The sesqui-stiUfhuret of cobalt, 2Co-{-3S. 107.3, is formed by pass- 
ing a current of hydrosulphuric. acid gas, over the oxy-stUj}hur€t tii 
a red heat. 

The bisulphuret, Co-f-2S. 61.7, is prepared by heating below red- 
ness, in a glass tube, two parts of the carbonate of the oxide of co- 
balt, intimately mixed with three of sulphur. 

Siih'phosphuret of cobalt^ 3Co-f>2P. 119.9, is obtained by the action 
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often an alloy of tin and lead. Block tin is less pure than 
grain tin. 

Properties* Tin has a color and lustre resembling silver. 
It is very malleable. Tin foil does not exceed t^tVv of an 
inch in thickness, but its ductility and tenacity is inferior to 
many of the metals. When bent backward and forward, a 
crackling noise is produced, by which it may be readily dis* 
tinguished from lead, ^nc, etc. It fuses at 240° Far. When 
heated to whiteness, it takes fire. If a drop of the fused tin 
fall upon a board, it will divide into several globules, and 
bum with a beautiful white light. The brilliancy of its sur- 
face tarnishes slowly 'when exposed to the air at common 
temperatures, but oxidizes at a high temperature. 

Compounds of Tin, 

Protoxide of tin, Sn+O. 65.9. sp. gr. 6.666, is formed by 
fusing tin for some time in an open vessel, or it may be pre- 
cipitated as a h^drated oxide, from a solution of chloride of 
tin, by an alkaline carbonate. 

Properties. It is a grey powder^ permanent in the air, 
unless touched by a red hot body, when it takes fire and is 
converted into the peroxide ; it is dissolved in the strong acids, 
and the pure, fixed alkalies. 'It readily absorbs oxygen 
from the air and other compounds, hence it throws down mer- 
cury, silver and platinum, from their salts. With gold, it 
causes the purple precipitate of Cassius ; by this character it 
is readily distinguished. It is precipitated from its solutions 
by hydro-sulphuric acid as a black proto-sulphuret 

Sesqui-oxide of tiny 2Sn4-30. 1^9.8, is prepared by mixing recent- 
ly precipitated and moist hydrated peroxide of iron, with a solution 
of proto-chloride of tin. The sesqni-oxide is precipitated in a sli- 
myj grey matter, of a yellowish tint from oxide of iron ; disiin- 
guished from the protoxide by being soluble in ammonia. 

Binoxide of tin, Sn-|-20. 78.9, is prepared by the action 
of nitric acid on metallic tin. The concentrated acid does 
not act on the tin, but on the addition of water violent efier- 
vescence takes place, and a white powder, the hydrated bin* 
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oxide of tin is formed. The water is expelled by heat, and the 
pure binoxide, of a straw-yellow color, results. The hydrated 
oxide may also be precipitated from the proto-chloride by po- 
tassa, ammonia, or the alkaline carbonates ; but the proper- 
ties differ from that formed in the other way, the latter being 
dissolved in the strong acids, while the former is not. It acts 
the part of a feeble acid, uniting with the pure alkalies, and 
forming a class of compounds, the stannates, 

Binoxide of tin is recognized by its being precipitated from 
its solutions by hydrochloric acids as a bulky hydrate, and by 
any of the alkalies or alkaline carbonates. When melted 
with glass it forms a white enamel. 

Proto-chloride of tiny Sn-|-Cl. 93.32, is obtained by distilling equal 
weights of tin and bichloride of mercury. It is a grey solid of resi- 
nous lustre ; fuses below redness, and sublimes at a high tempera- 
ture ; crystallizes in small, white needles. A solution of the proto- 
chloride may be prepared for deoxidizing purposes, by heating gran- 
ulated tin in strong hydrochloric acid, as long as hydrogen gas is 
evolved. 

Bkh'oride of «m, Sn+SCl. 128.74, is formed by distilling eight 
parts of granulated tin with twenty-four of bichloride of mercury, or 
by heating the proto-chloride in chlorine gas. 

Properties, It is a colorless liquid, very volatile, yielding 
white fumes in an open vessel, hence formerly called the 
fuming liquor of Libavious ; boils at 248° ; sp. gr. of its va- 
por, 9.1997 ; mixed with ^ of its weight of water, it forms a 
solid hydrate, but dissolves in a larger quantity of water. 

Uses. The solution csXled per-muriate of tiny is used in dying, and 
is prepared by dissolving tin in nitro-hydrochloric acid. 

Protiodide of tin, Sn4-I- 184-2, is prepared by heating granulated 
tin with 2i times its weight of iodine. It is a brownish- red substance, 
very fusible, volatile, and soluble. 

Biniodide of tin, Sn-f-2I. 310.5, is prepared by dissolving the hy- 
drate of the peroxide, precipitated by alkalies from the bichlo- 
ride, in hydriodic acid. It forms yellow crystals of a silky lustre. 

ProtO'Sutphuret of tin, Sn-f-S. 74, is prepared by pouring melted 
tin upon its own weight of sulphur, and stirring rapidly with a stick. 
It has a blueish grey or nearly black color, and metallic lustre ; 
fuses at red heat, and has a lamellated texture when cool. 

Sesqui'StUphuret of tin, 2 Sn-|-3S. 164.1, is obtained by heating to 
low redness, the proto-sulphuret with J of its weight of sulphur. It 
is a deep greyish-yellow compound. 

Bisvlphuret of tin. Sn-|-2S. 90.1. This compound was formerly 
called Mosiiie gold, and may be prepared by heating a mixture of 
two parts of peroxide of tin, two of sulphur, and one part of hydro- 
chlorate of ammonia, in a glass or earthen retort, to a low, red heat, 
till sulphurous acid ceases to be evolved. 
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empty crucible, which is placed over the other, and kept cool 
for the purpose of coDdensation. 

Properties. Arsenic is a very brittle metal, of a steel-grey 
color, high metallic lustre, and of a crystalline structure. 
When heated to 356^, it sublimes without fusion, and may be 
collected in close vessels without change, but when thrown on 
a red hot iron, it bums with a blue flame, and white smoke, 
giving off a strong odor of garlick, a property which belongs 
to no other metal unless it be zinc ; when thus heated, iti 
the open air, it is converted into the white oxide of arsenic. 
Exposed at common temperatures of the air, it oxidizes slow- 
ly, forming the substance called fly-powder^ which is a mix- 
ture of the oxide and the metal. 

Arsenic detonates with some of the salts and decomposes 
them. 

Exp. Take three parts of chlorate of potassa, and one 
of arsenic, finely powdered, and cautiously mixed together. 
1. Place a small quantity on an anvil, and strike it with a ham- 
mer ; the arsenic will instantly combine with the salt, produc- 
ing an explosion with flame. 

2. Set it on fire, and it will burn rapidly. 

3. Throw it into concentrated sulphuric acid, and a bright 
flash of light will be perceived at the moment of contact. 

Uses, Arsenic is used in the arts. It renders glass white. 

Compounds of Arsenic. 

Arsenious acid^ 2As+30. 99.4, commonly called white 
arsenic^ and- white oxide of arsenic^ may be formed by the 
combustion of the metal ; but the white arsenic of commerce 
is obtained from the arseniurets of cobalt, by sublimation. 

Properties. Arsenious acid is white, semi-transparent, and 
when first formed, of a vitreous lustre and conchoidal fracture. 
Its acid taste is owing to the inflammation which it produces ; 
it has a faint impression of sweetness. Its sp. gr. is 3.7 ; has 
two crystalline forms, but is usually found in six-sided scales, 
derived from a rhombic prism ; soluble in water. 

It is one of the most virulent poisons known, and as it is 
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sometimes accidentally or intentionally taken, it is a frequent 
cause of death, and a subiect ofjudicial investigation. Hence 
the importance of pointing out the most effectual modes of 
detecting its presence. 

Tests. The most valuable are the amwumiaco^itratt of 
silver, ammoniaco-sulphate of copper, hydrosulpburic acid, 
and hydrogen gas. 

1. Obtain as large a quantity of the liquid fVom the stom- 
ach as possible. This, with parts of the stomach, should be 
put into pure water, filtered and evaporated, so as to obtain 
a concentrated solution ; add to this, ammoniacal nitrate of 
silver,* and if arsenic is present, a yellow, arseniate of sil* 
ver will be thrown down. 

2. Add to the suspected liquid, ammoniacal sulphate of cop- 
per,t and a green precipitate will be formed, called Scheele's 
green. 

3. Pass into the liquid, hydrosulphuric acid, and if arsenious 
acid is present, orpiment, or the sesqui-sulphuret of arsenic 
will be formed, giving to the liquor a yellow, turbid appearance. 
This sulphuret should then be dried, mixed with black flux, 
carefully introduced into a glass tube, and heated by a spirit- 
lamp ; the sulphuret will be decomposed and metallic arsenic 
appear on the cool parts of the tube. This is a very satisfacto* 
ry test ; but if on heating the substance thus deposited, it rises 
up in white fumes, with an alliaceous odor, and is deposited 
in white, octohedral crystals, we may be sure that arsenic is 
present. 

4. Introduce a quantity of the suspected liquid into a Flof • 
ence flask, having a jet pipe and a stop-cock attached, with 
zinc and sulphuric acid ; the water will be decomposed, and 
the nascent hydrogen, in passing through the water contain- 
ing arsenious acid, will form arseniu retted hydrogen ; and on 
burning the gas, as it issues from the jet, metallic arsenic will 
be deposited on a plate of glass or porcelain, held over the 
flame. 

* Prepired by dropping into a strong solotion of nitrate of silver 
ammonia, till the oxide of silver, first precipitated, ii nearly all dissol- 
ved. 

t Prepared in the same way with the preceding, by nsing the sul- 
phate of (joppef , instead of the Ditrate of silver. 
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Any one of these tests, however, should not be depended 
upon in a case whei« the life of a fellow being is at stake, as 
other metals, such as antimony, will sometimes present a simi- 
lar appearance ; but if the suspected substance be tested by 
each of the four ways mentioned, there can be no doubt but 
that it contains arsenious acid. 

Its action upon animals, whether taken into the stomach, or applied 
to wounds, is attended by pain and vomiting, and if life be prolonged 
beyond twenty-four hours, diarrhcea, a sensation of heat, and extreme 
pam in the stomach and intestines succeed, pulse feeble, countenance 
anxious, skin livid, oflen attended by eruptions. 

The best antidote is per-hydrate of iron, with a small quantity of am- 
monia. In cases rapidly fatal, extreme faintness, cold sweats, attend<> 
ed with slight convulsions are experienced. (See Christison on Poi- 
sons.) 

Arsenic has the property of preserving from decay the bodies of 
those poisoned with it. Tne stomach and intestines have thus been 
found entire two years and a half after death. 

Arsenic acid^ 2As-|-50. 115.4, is formed by dissolving ar- 
senious add in concentrated nitric, mixed with a small quan- 
tity of hydrochloric acid, distilling in a glass vessel until it ac- 
quires the consistency of syrup, and then heating nearly to 
redness, in a platinum crucible, to expel the nitric acid. 

Properties, It has a sour, metallic taste, reddens the vege- 
table-blue colors, and combines with alkalies, forming arseni- 
ates. It is decomposed by hydrosulphuric acid. This acid 
is also an active poison. 

Proto- chloride of arsenic, AsCl. 73.12, is prepared by heating in 
a retort , to nearlv 212o, arsenious acid with ten times its weight of 
concentrated sulphuric acid, and throwing them in fragments of com* 
mon salt. 

Sesqm-chloride of arsenic, As*CP. 181.66, is formed by the spon- 
taneous combustion of powdered arsenic in chlorine gas. It is a co- 
lorless, volatile liquid, giving off fumes, on exposure to the air ) hence 
called /2/mtn^ liquor of arsenic. 

Periodide of arsenic^ 2As-|-5I. 706.9, is formed by gently heating 
arsenic with iodine. It is a deep red compound, decomposed by 
water. 

Proto-hyduret of arsenic, As-|-H. 38.7, is prepared by the action of 
water on an alloy of arsenic and potassium. 

Sesqui'bromide of arsenic. 2As4-3Br. 310.6. When i^rsenic and bro- 
mine are brought into contact, they instantly unite with vivid evolu- 
tion of light and heat. 

Arsemuretted hydrogen. 2A8+3H. 78.4. This gas was 
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disccvered by Scheele. It is generally made by digesting an 
alloy of tin and arsenic in hydrochloric acid. It is colorless, 
has a tetid odor resembting parlic, sp^ gr. 2.695, extinj^i^ies 
burning bodies, but bums with a blue miroe. It is poisoDOas 
in a high degree, having; proved fatal to M. Gehlen. It is de> 
composed by chlorine, iodine, caloric, and even atmospheric 
air ; it forms with oxygen an explosive mixture. 

Proto-sulphwrtt of arsenic, As-J^-S* 53.8. This substance 
exists in the mineral kingdom, and b called realgar. It may 
be formed by heating arsenious acid with half its weight of 
sulphur, until the mixture is perfectly ins^. It is crystSline, 
transparent, and of a ruby red color. 

Sesquisulpkuret of arsenic. 2As+dS. 123*7. This in the 
native state is called orpiment. 

Process. It may be formed bj fasin^ arsenious acid and sulphur ; 
but it is purer, if obtained by passing hydro-sulphuric acid gas 
through a solution of arsenious acid. 

Properties. This substance has a rich, yellow color ; and is 
employed as a pigment. It is the coloring principle in the 
paint called king's yellow. 

Per-sulphuretof arsenic J 2As-f5S. 155.0, is formed by passing hydro- 
sulphuric acid through a moderately strong solution of arsenic 
acid. It resembles orpiment in color. The sulphurets of arsenic 
are poisonous. 

CHROMIUM. Bymb. Cr. Eqniv. 28. Sp. gr. 5.9. 

Chromium* was discovered in 1797, by Vanquelin, in a 
beautiful red mineral, the native chromate of lead. It exists 
also in chromate of iron, a native mineral found abundantly in 
Europe, and also in this country. 

Process. This metal has been obtained only in small quan- 
tilies, owing to its affinity for oxygen. The oxide may be de- 
priveni of its oxygen, by heating it with <sharcoal in a smithes 
forge. 

Properties. A brittie metal, of a greyish^white color, and 
very infusible. It is oxidized by heating it with nitre, and 
converted into chromic acid. 

* XfiAfMkf eeloff iiroin its remarkable tendency to form colored poni- 
pounds. 

21» 
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Compounds of Chromium. 

Sesgui-oxide of chromium. 2Cr4-30. 80. Exists native 

in the emerald. 

Process, It is prepared by dissolving chromate of potassa in water, 
and mixing it with * solution of nitrate of mercury, when a yellow- 
colored precipitate, the chromate of mercury is formed. When this 
salt is heated to redness in an earthen crucible, the mereurv is driven 
off, and the chromic acid is resolved into oxygen, and oxide of 
chromium. 

Properties. Oxide of chromium is of a green color, very 
infusible, insoluble in water, and aAer being strongly heated, 
resists the action of the most powerful acids ; heated with ni- 
tre, it is converted into chromic acid. Fused with borax or 
vitreous substances, it communicates to them a beautiful green 
color. Hence its utility in the arts. It unites with acids, and 
fonns green-colored salts. 

Chromic acid^ Cr-f-SO. equiv. 52, may be obtained ffom 

the native chromate of iron. 

Process, It is best prepared, by transmitting the gaseous fluoride 
of chromium into water contained in a vessel of silver or platinum ; 
when by mutual decomposition of the gas and the water, hydrofluoric 
and chromic acids are generated. — T. 

Properties, This acid is black while warm, and dark-red 
when cold. When dry, according to Hayes it is yellowish- 
brown, very soluble in water, rendering it red and yellow. 
When a heated conceutrated solution cools, it deposits red 
crystals, very deliquescent The solution has an acid, astrin- 
gent taste, and bleaches litmus paper. It destroys most vegeta- 
ble and aninml cobring matters. Hence its use in calico-print- 
ing. It is characterized by its color, and by forming colored 
salts with alkaline bases. 

Sesqui-chloride of chromium^ 2Cr-f-3Cl. 162.26, may be prepared 
by transmitting drv chlorine gas over a mixture of oxide of chromi- 
um and charcoal, heated to redness in a porcelain tube ; when the 
sersqui-chloride gradually collects as a crystalline sublimate of a 
peach-purple color. — T. 

Ter-chlaride ofc/iromium, Cr+3C1. 134.96, it f«mned by the action 
of fuming sulphuric. acid on a mixture of chromate of lead,. and 
chloride of sodium. 

Oxy-ehloride of chromium, CrCP+aOrO*. 236.!^. 

aesMpd'fiwrideofekromium, 2Cr-f^F. 112.04, is formed by dissolv- 
intir the oxide in hydrofluoric'acid, and evaporating to dtyn — 

TsT'fiwtridt of Aromium. Cr-f3F. 28+56.04=Sl.04. 
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phaU qf cAroifmcm, 2Cr-jh3S. 104^, may be obtained by 
heat'iDff in ciose vessels a mixture of sulphur and tbe bydrated oxide. 
It is of a dark-grey color, acquiring a metallic lustre by friction. 

Proto-phospkuret of chromium, Cr-^P or CrP. 43 7, is prepared by 
passing pbosphuretted hydrogen gas over the 8e8<|oi-cbloride of chro- 
mium at a red heat ; a blacK compound, burning before tbe blow- 
pipe, with a flame of phqpphorus. 

VANADIUM. Symb. V. Equiv. 68.5. 

Vanadium was discovered by Seistrom in 1690. It de- 
rives its name from Vanadis^ a Scandinavian Deity. 

Natural History. It exists in the iron ore of Taberg, 
Sweden, and is found in great abundance in tbe slag formed 
by converting the cast-iron of Taberg, into malleable iron. 
It was also found by Johnson, at Wanlock-bead, Scotlimd, 
where it occurs as a vanadiate of lead. 

Process. It has been obtained in various ways — bjr heat- 
ing vanadic acid with potassium, and by the decomposition of 
the chloride of vanadium.* 

Properties. When obtained by means of potassium, it is a 
brittle, black substance ; but when prepared by decomposing 
the chloride, it is white, resembling silver, (^ a strong metallic 
lustre. It is not oxidized by air or water ; boiling sulphuric, 
hydrochloric, and hydrofluoric acids do not affect it, but it is 
dissolved by nitric and nitro-hydrochloric acids, and tbe sola* 
tion has a fine, dark-blue color. 

Compounds of Vanadium, 

ProUndde of vanadium, V-f-O. 76.5, may be obtained by heating 
vanadic acid with charcoal, or hydrogen gas. It is a dark-brown, or 
Jklack substance, soluble in, nitric acid. 

Binoxide of vanadium, V-f-20. 84.5, may be prepared by heating to 
full redness 10 parts of the protoxide, with 12' of vanadic acid, in a 
vessel filled with carbonic acid. It is black, very infusible, and inso- 
luble in water. lu salts have a blue color. It acts the part of an 
acid by uniting with alkaline bases. 

Vanadic acid, V-f 30. ^.5, is tasteless, insoluble in alco- 
hol, and very slightly soluble in water. It is easily decom- 

• For processes, see Tnrner's ElemeiOs. 
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posed by heating it with combustible matter, and in solution 
by all deoxidizing agents. It unites with bases often in two 
or more proportions ; most of its neutral salts are yellow. It 
is distinguished from all other acids, except the chromic, by its 
color, and froni this acid by the action of deoxidizing substan- 
ces, which give a blue solution with the former, and green 
with the latter.* 

MOLYBDEJfVM. Symb. Mo. Equi?. 47.7. Sp. gr. 8.615. 
Molybdenum was discovered in 1775. 

Process. It was obtained from the native sulphuret, by di- 
gesting it in nitro-hydrochloric acid, and heating the molybdic 
acid, thus formed in connection with charcoal. 

Properties, It is a brittle metal, of a white color, and very 
infusible. Its properties are imperfectly known. 

Protoxide of molybdenum^ Mo-|-0. 65.7, is obtained by 
precipitating the hydrochloric solution of molybdic acid by 
zinc, when a brown hydrate is formed, givuag dark-colored solu- 
tions with the acids. 

Binoxide of molybdenum, Mo+0. 63.7, is prepared by patting a 
mixture of molybdate of soda and sal-ammoniac, in fine powd<?r, in a 
ted-kot crucible, instantly covering it, and continuing the beat until 
vapors of sal-ammoniac cease to arise. This is a deep brown anhy- 
drous powder, insoluble in acids. 

Molybdic acid^ Mo-|-30 or MO^. 71.7, may be obtained 
by roasting the native sulphuret in an open crucible, kept at 
a low red heat, and stirred until sulphurous acid ceases toes- 
cape. The yellow powder thus formed is treated with am- 
monia; the filtered ^solution evaporated, again dissolved in 
water and ammonia, and crystallized ; the ammonia is then 
expelled by gentle heat. 

It is a white powder, sp. gr. 34.9 ; fuses at a red heat into 
9 yellow liquid.t Slightly soluble in water. 

*The hichloridt of vanadiutH,\ CiK 68.5-|-70,34=*139.34 ; the 
terchloride of vanadium, \C\\ 68.5+106.26= 174. 7«; the *i*rd- 
mide of vanadlun^, VBr*. 68.54-156.8 = 225.3 ; the bisulphuret of 
vanadium, VS». 6tJ.iH-32-2 = 100.7; the ter^sulphuret^ VSK 68.54- 
48.:icz=i 16,8, ar« unimportant compounds, for a description of whicli 
see Turner's Elements, p. 365. 

t For the preparation of the protO'chloride of molyidenum, MoCl. 
83.12; the bicfUoride of molybdenum, Mod*. 118.54; the ter-ehlaride 
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TUITGSTEXr. Symb. W. Equiv. 94.8. Sp. gr. 17.5. 

Tungsten^ is found native in the mineral wolfram. 

Process, It is obtained by exposing a mixture of tungstic 
acid and charcoal to a strong heat. 

Properties, It is a very hard, brittle metal, resembling iron 
in color, and by the action of heat and air converted into 
tungstic acid. 

Compounds of Tungsten, 

Binoxide of tungsten, W-|-20. 1 10.8, is prepared by the 
action of hydrogen gas on tungstic acid, at a low red heat. It 
has a brown color, resembling copper when polished. 

Tungstic acid, W-f-SO. 118.8, may be obtained by heat- 
ing the binoxide to redness in open vessels. It is of a yellow 
color, insoluble in water, and has no action on litmus paper. 

Bichloride of tungsten, W+2CI. 165.64, is formed by 
heating tungsten in chlorine gas.* 

COLUMBIUM. Symb. Ta. Equiv. 185. 
Columhium was discovered in 1801, by Hatchett, in a 
black mineral in the British Museum, which had been sent 
by Gov. Winthrop to Sir Hans Sloane from Haddam in Con- 
necticut.t 

Process. It is obtained by heating potassium with the 
double fluoride of potassium and columhium. 

Properties. Obtained in this way, it is a black powder, and 
a non-conductor of electricity, but a perfect conductor in a 
more dense state. It acquires a metallic lustre by pressure ; 
of an iron-grey color, fuses at a higher temperature than 

of molybdenum, MoCl'. 153.96; the ter-sulpkuret of molybdenum, 
MoS^ 96, and the per-sulphuret tf molybdenum, MoS^ 112.1, the 
student is referred to Turner's Elements, p. 369. 

• For a description of the ter-chloride of tungsten, WCP. 201.6 ; 
bisulphuret of tungsten, WS*. 126 ; and ter -sulphur et of tungsten, 
WS^. 143.1, see Turner's Chemistry. 

t Tantalum, discovered by Ekeberg, is identical with this metal 



Digitized 



by Google 



360 Metah^ Antimony. 

glass ; heated in the open air, it takes fire, and is converted 
into columbic acid. It is easily dissolved in nitro-hydrofluoric 
acid. 

Compounds of Columhium, 

Binoxide of columhium^ Ta+20. 201, may be formed by 
exposing columbic acid in a crucible, lined with charcoal, 
and luted to exclude the air, for nn hour and a half, to an in- 
tense heat. When reduced to powder, it is a dark brown 
substance, not acted upon by acias, but converted into colum- 
bic acid by Aision with potassa or nitre.* 

Columbic acid^ Ta-|-30. 209, is formed from the native 
columbates, by fusing the ores with three or four times their 
weight of carbonate of potassa, and precipitatmg the white 
hydrate by acids. 

Properties* Hydrated columbic acid is tasteless, insolu- 
ble in water, and communicates a red tinge to moistened lit- 
mus paper ; heated to redness the water is expelled, and the 
anhydrous columbic acid remains.* 

AXriMOyV, Symb. Sb. Equiv. 64.6. Sp. gr. 6.702. 

History. Antimony was discovered by Basil Valentine 
in the fifleenth century. It derived its name from anti monk, 
from its having proved fatal to some monks, to whom it was 
given as a medicine. 

It is found native in Sweden, France, and the Hartz ; but 
generally occurs as a sulphuret. 

Process. It may be obtained by heating the native sul- 
phuret in a covered crucible, with half its weight of iron 
filings, the sulphur unites with the iron, and the metal appears 
in the bottom of the crucible. Procured in this way, it is not 
absolutely pure, and for chemical purposes, it should be pro- 
cured by heating the oxide with an equal weight of cream of 
tartar. 

Properties. A brittle metal of a white color, fuses at 

• For a description of the ter-chtaride of coLumbium^ Ta-4-3Cl. 
a9l.a6 ; th6 ter-fluoride of columbium, Ta-|-3F. 241.04 ; and the sul- 
phuret ofeolumbiumj composition uncertain, see Turner's Chemistry. 
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810^, and, on cooling, has a lamellated texture, and often 
yields crystals ; burns with great brilliancy when placed on 
ignited charcoal, under a current of oxygen gas. 

Compounds of Antimony, 

Sesqui-^nide of antimony^ 2Sb-|-30. 153.2, is obtained by 
subjecting antimony in a covered crucible to a white heat, 
and then exposing it to the air ; a white vapor arises, and 
condenses in fine crystals of silver whiteness. 

It is the only oxide which forms regular salts. It is the 
base of emetic tartar^ and the tartrate of antimony and po- 
tassa. The test of antimony in solution is the hydrosulphuric 
acid, which yields an orange-colored precipitate. 

Antimonious acid, 2Sb-f40. 161.2, is generated when the 
oxide is exposed to heat in open vessels, it is white when 
cold, and yellowish when heated ; very infusible and fixed in 
the fire, by which it is distinguished from the oxide ; insolu- 
ble in water and in acids, after being heated to redness. 

Antimonic acid, 2Sb-|-50. 169.2, may be obtained as a 
white hydrate^ either by digesting the metal in strong nitric 
acid, or by dissolving it in nitro-hydrochloricacid, concentrat- 
ing by heat to expel excess of acid, and throwing the solution 
into water. 

It is decomposed at a red heat, and converted into anti- 
monious acid. 

Sesqui'Chloride of afUimony, 2Sb-|-^CI. 235.46, is generated by the 
spontaneous combustion of antimony in chlorine gas. It is a soft 
solid, called butter of antimony; easily fused, and deliquesces when 
exposed to the air.* 

Sesqui'Sulphuret of antimony y 2Sb-f-3S. 177.5. This is the princi- 
pal ore of tne metal, and hence is generally employed in making the 
preparations of antimony. It is of an earthy appearance, but is 
sometimes found in acicular crystals, of a red-grey color and metal- 
lic lustre, sp. gr. 4.62. It may be formed artificially by fusing to- 
gether antimony and sulphur. 

Oxy-stdphuret of antimony is composed of 2 equiv. of 26b-)-3S 
and 1 equiv. of 2SbO^s=508ii. This occurs native, the red anti' 
mony of mineralogists. Glass, liver, and crocus of antimony are of 
a similar nature. 

* Bichloride of antimony, 2Sb-f-4Cl. 270.88; perchloride of anti- 
mony, 2Sb4-501. 306.3 ; oxy-ehloride of antimony, 2 equiv. of 2Sb-j- 
3C1. and 9 equiv. of 8^0^=1849.72 ; bromide of antimony, compo- 
sition unknown. 
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Kermes mineral is formed by boiling the sesqai-sulphnret with a 
solution of potassa or soda On neutralizing the cold solution, a sim- 
ilar substance, the golden sidphuret is precipitated * 

Alloys, Printers' types are formed of three parts of 
lead, one of antimony, and a little copper. 

Pewter is an alloy of twelve parts of tin, one of antimony, 
with a small addition of copper. The white metal for tea* 
pots is an alloy of one hundred parts of tin, eight of anti- 
mony, two of bismuth, and two of copper. 

VRAmVM. Symb. U. Equiv. 217. Sp. gr. 9. 
Uranium was discovered by Klaproth in 1789. It derives 
its name from the planet discovered the same year, (Uranas). 
It exists in pitch blende^ and is obtained from it by heating 
the ore to redness, and digesting its powder in pure nitric 
acid, diluted with three or four parts of water. Its properties 
are not well known. 

Protoxide of uranium^ U+0. 225, is obtained by decom- 
posing the nitrate of the sesqui-oxide by heat. It is of a 
dark green color, very infusible, and readily oxidized by 
nitric acid ; used in the arts to give a black color to porce- 
lain. 

Sesqui-oxide of uranium^ 2U+30. 458, is of a yellow 

color, and combines with acids and alkaline bases. 

The protO'Chloride of uranium, U+Cl. 25^.42 ; the sesqui-chloride 
of uranium, 2U-|-3C1. 540.26, and the sulphuret of uranium, are un- 
important compounds. ('See Turner, page 380.) 

CERIUMA Symb. Ce. Equiv. 46. 
Cerium vms obtained by Hisinger and Berzelius from a 
mineral called cerite. It exists also in the mineral called Al" 
lanite^ as an oxidCj which is very difficult to be reduced to 
the metallic state. Vanquelin obtained a small globule not 
larger than a pin's head, which was not acted upon by any 

* Bisulphuret of antimony, 2Sb-|-4S, 193.6; per-sulphuret of an- 
Omony, 2Sb+6S. 20.9.7. 

t So called from the planet Ceres, discovered about the same period. 
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of the simple acids, and but slowly dissolved by the nitro- 
hydrochloric. 

Compounds of Cerium, 
Protoxide of cerium^ Ce-|-0. Eq. 54, is a white powder, 
insoluble in water. The salts which are soluble have an acid 
redaction. 

Sesqui-oxide of cerium, 3Ce-|-30. 116, is obtained from cerite, and 
is a fawn-red substance, soluble in several of the acids. 

Proto-chloride ofc^ium, Ce+Cl or CeCl. 46+35.42=81.42. 

Sesqui-ehloride of cerium, 2 06+301 or Oe'Cl^. 92+106.3f)=198.26. 

Proto-suiphuret of cerium, Ce+S or CeS. 62.1. (See Turner's 
Chemistry, p. 381.) 

BISMUTH. Symb. Bi. fiquiv. 71. Sp. gr. 9.822. 

Native bismuth occurs in crystals, octohedra, or cubes, 
containing arsenic and cobalt. It is also found combined 
with sulphur and oxygen, from which it is obtained by the 
aid of heat, and charcoal. 

Properties. It is a brittle solid, generally composed of 
broad plates of a reddish-white color, very fusible ; melts at 
476° Far., and forms very fine crystals by slow cooling. 

Exp. For this purpose, fuse a quantity of it in a crucible, 
and let it cool until a crust is formed ; break the crust and 
pour out the fluid beneath, the inner surface will be lined with 
beautiful crystals. Under the compound blow-pipe it burns 
with much brilliancy, producing yellow fumes of protoxide. 

Protoxide of bismuth^ Bi+O. 79. Sp.gr. 8.211, may 
be formed as above. It forms salts, most of which are white ; 
sublimes at a high temperature ; fuses at a full, red heat, into 
a brown liquid. If the nitrate of the protoxide be thrown 
into water, a white precipitate is thrown down, formerly 
called magistery of bismuth^ and pearl white^ which is some- 
times used as a paint, for improving the complexion. 

Sesqui-oxide of hismuth, 2Bi+30. 166, is formed by fusing po- 
tassa with the protoxide of bismuth. It is a brown, heavy, pow- 
der, little disposed to unite with acids, or alkalies. 

Chloride of bismuth, Bi+01. 106.42, is ibrmed by the spontaneous 
22 
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ownbuslidn ef buiipcith id ehlorin^ gss, formerly oaUed tnOUr rf bis- 
muth. It is of a greyish- white color, and granular texture. 

Bromide of bismuth, Bi+Br. 71+78.4=149.4. 
Sulphuret of bisnmthi Bi-f S» 87.1, is found Dative. 

TlTAmUM. Symb. Ti. Equiv. 24.3. Sp. gr. 5.3. 

Titanium was first noticed by Mr. Gregor of Corowftll. 
Kiaproth gave it tbe name of titanium, after the Titans of 
ancient fable. But its properties were determined by Wol- 
laston in 18^, who found it in the slag of an iron-smelting 
ftimace in South Wales. 

Properties. Its color is red, resembling copper. It exists 
in small cubes, which are so hard as to scratch rock-crystal, 
and very infusible. It generally contains traces of iion. 
The pure metal is obtained by heating the chloride with am- 
monia in a glass tube, when it appears in the form of a deep 
blue-colored powder, which is apt to take fire, if exposed to 
the air when warm. 

Compounds of Titanium. 

Oxide of Htaniumy Ti+O. 32.3, is obtained by expoamg titanic 

acid to a strong heat m a black-lead crucible. It fs of STpurfle color. 

. mamc acid, Ti^20. 40 3, also culled peroxide o£ titanium, exists 

in the minerals anotoM and njti/e, from which the acid is obtained 

by the aid of heat and hydro-sulphuric acid gas.* 

Properties. Titanic acid is of a white color ; very infusi- 
ble, and when once ignhed, insoluble in acids, except in the 
hydrochloric. It is a feeble acid, resembling the silicic. If 
It IS igmted with potassa, and dissolved in hydrochlorb acid, 
a solution of gall-nuts will produce an orange-red color 
which is very characteristic of titanic acid. * 

Bichloride of titanium y Ti+8C1. 95.14, was discovered in 1824 
by Mr. George of Leeds, by transmitting dry chlorine eras over tito' 
nium at a low, red heat. * 

Properties. A transparent, colorless liquid, which boils at 
212^ The density of its vapor is 6.615, combines with 
water with explosive violence from the evolution of intense 

* For prooesseg, see Turner's Etemeats. 
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heat ; oh exposure to the atmosphere, it emits dense, white 
fumes, of a pungent odor, similar to chlorine. 
Bis^Opkurei rfHtanium, Ti-f 2S. Eq. 24.3+ S2^==56.5. 

TELLURIUM, Symb. Te. Equiv. 64^ Sp. gr, 6.1X5. 

Tellurium is a rare metal, found only in smsdl quantities in 
Transylvania, and Connecticut It was first noticed hy Mfll- 
ler in 1782, but its existence was more fully established in 
1798 by Klaproth, who called it ieUuriwn^ from Ullus^ the 
earth. It is found chiefly in combination with gold, and silyer^ 

Properties. It is a brittle metal, of a bright grey oolor; 
very infusible and volatile. Heated in the air, it burns with 
a sky*blue flame, edged with green ; placed upon charcoal 
before the blow-pipe, it inflames with violence, and flies en- 
tirely off in grey smoke, having a peculiarly nauseous smell. 

Compounds of Tellurium. 

Tellurous acid, Te+20. 80.2, also called oxide of teU 
ktrium, is generated by the action of nitric acid on tellurium. 
It is a white, granular powder, resembling in many of its 
properties the titanic, and several other feeble acids. Its 
aqueous solution reddens litmus papen 

The other compounds are the teUvrie acid^ Te4-30. 88.2 ; ckUnidt 
of tdlurium, Te+Cl, 99.62; Uchloride, Te+2C1. 135.04; bisul- 
phurety Te4-2S. 96.4 ; per-$ulphnrei and hydratellteric acid, Te-fH. 

COPPER. Symb. Co. Equiv. 31.6. Sp. grr. 8.895. 

CJopper, from cuprum, a name derived from the island Cy- 
prus, has been known from the remotest ages. 

Natural history* It is found native, and in combination 
with otlier substances^ especialiy with sulphur. The copper 
of comnietx^ is chiefly obtained from the native sulphurets. 
It exists in great abundance in Cornwall, and other parts of 
Europe, in Liberia, and m America. 

Schoolcraft found a mass of native copper about thirty 
miles from Lake Superior, which weighs by estimation 
3000 lbs. 
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Process. It may be obtained perfectly pure, by d'nsolying 
the copper of commerce in hydrochloric acid, dilating the 
solution, and immersing in it a clean plate of iron, upon which 
the copper will be precipitated. 

Properties. Copper is distinguished from all other metals, 
except titanium, by its red color. It is very ductile, and malle- 
able — melts at 1996° Far. ; bums before the compound blow- 
pipe with a beautiful, green flame, and if a fused globule be 
thrown into a glass jar, two feet high, filled with water, it 
will pass in full ignition to the bottom, and remain some time 
at a red heat. 

Uses. Copper is one of the most useful metals, being cm- 
ployed extensively in most of the arts of life. 

Compounds of Copper. 

Pedy or dioxide of copper^ 2Cu-^-0. 71.2, is found native 
in octohedral crystals. 

It may be prepared artificially, by heating in a covered 
crucible, a mixture of 31.6 parts of copper filings with 39.6 
of the black oxide. 

Properties. It resembles copper m color, sp. gr. 6.093 ; 
soluble in ammonia, add the solution is colorless, but it ab- 
sorbs oxygen on exposure to the air, which produces a blue 
color owing to the formation of the black oxide. 

Blacky or protoxide of coj^pvr, Cu+O. 39.6. Tbw is the copper- 
black of mineralogists, and is formed by the spontaneous oxidation of 
other ores of copper. 

Properties. It varies from a dark-brown to a bluelsh-black 
color, according to the mode of formation ; combines with 
most of the acids, and its salts have a green, or blue tint. It 
forms with ammonia, a deep blue solution, which distinguish- 
es it from all other substances. The salts of the protoxide of 
copper are mostly distinguished by their color. Metallic cop- 
per is separated from the salts by a rod of iron, or zinc. 

Binoxide of copper, Ca4-20. 31.6+16=47.6. 

Dickloride (f copper y 2Cu-|-Cl. 96.62{ is formed by the ^Mintaiieoiit 
combustion of copper filings m chlorine gas. It is of various oolorp, 
white, }rellow,and dark-bown, according to the mode of preparation ; 
soluble in hydrochloric acid, but not in water. 
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Chloride of copper, Cu+Cl. 67.02; iiniodide of copper, 2Cu-)-I. 
63.2+126.3=189.5 ; sulphuret of copper, Cu+S. 47.7, is a constitu- 
ent of copper pyriieSf in which it is combined with pi*oto-8Ulphuret 
of iron ; triphosphuret of copper, 3Cu-j-P. 110.5; gubscqui-phosvhuret, 
3Cu+2P. J 26.2; cyanuret of copper, Cu+Cy. 57-99; Dtsulpho-cya- 
nuret of copper, Cu+CySK 63.2-|-(26.394-32.2)=^l21.79.— See Tur- 
ner's Elements, p. 389. 

Tests. The best mode of detecting copper in mixed liquids, is the 
hydro-sulphuric acid. The sulphuret, after being collected, and heat- 
ed to redness in order to charr organic matter, should be placed on a 
piece of porcelain, and be digested in a few drops of nitric acid ; sul- 
phate of the protoxide of copper is^rmed, wliich, when evaporated 
to dryness, strikes the characteric^ic blue tint on the addition of am- 
monia. — T. 

AUoys, The alloys c/ copper are very important and use* 
ful substances. 

Brass is an alloy of copper and zinc. The best brass 
consists of four parts of copper to one of zinc. Tutenag 
contains in addition a little iron. Tombac^ Dutch-gold, Simi' 
lor. Prince Rupert^s metal and Pinch-heck contain more cop- 
per than brass. Bell-metal and bronze are alloys of copper 
and tin. The best proportions for bell -metal, is three parts 
of copper to one of tin ; for bronze, eight to twelve of tin 
to one hundred of copper. In these alloys, according? to 
Dalton, the elements combine in definite proportions. 

Poisonous properties of copper. Copper vessels used for 
culinary purposes, should be coated with tin, as the oxide is 
poisonous. This is done by making the surface of the copper 
bright,rubbing over a little sal-ammoniac to prevent oxidation, 
and th^n heating the vessel and rubbing it with rosin and tin. 

LE.BD. Symb. Pb. Equiv. 103.6. Sp. gr. 11.352. 
Lead was well known to the ancients. It is rarely found na- 
tive, but its ores are abundant, the most important of which ia 
the sulphuret or galena, from which the pure metal is chiefly 
obtained.^ Brezelius obtAined the metal perfectly pure by 

* Process. The ore, in the state of coarse powder, is heated in a re- 
verberatorj furnace, when part of it is oxidized, yielding sulphate oi 

1>rotozide of lead, salphuric acid which is evolved, and free oxide of 
ead.. These oxidized portions then re-act on sulphuret of lead, by 
the le-aetMm «f (wo equivalents of oxide of lead, and one of the sulpbv* 

22* 
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heating the pure nitrate of lead, mixed with charcoal in a Hes* 
sian crucible. 

Properties, The properties of lead are generally well 
known. It is of a bluish-white color, soft, malleable and duC'^ 
tile. Fuses at 612**> and by slow cooling, crystallizes in-octo- 
hedra. The proper solvent of lead is nitric acid. 

Compounds of Lead. 

Protoxide of lead, Pb+0. 111.6. sp. gr. 9.4214, is pre- 
pared by heating the metal to a high temperature and coUect- 
mgthe grey film which forms on the surface. This is exposed 
to heat in open vessels, until it acquires an uniform yellow co- 
lor, and constitutes the massicot, and when partially fused, the 
Utharge of commerce. This is always mixed with the red 
oxide ; it is obtained perfectly pure by adding ammonia in ex- 
cess, to the nitrate in solution, washing the precipitate in cold 
water, and when dry, heating it to redness for an hour in a pla- 
tinum crucible. 

Properties, Its color is red when hot, but acquires a rich 
lemon-yellow when cold ; fuses at a bright red heat, and after 
fusion, has a highly foliated texture, insoluble in water, unites 
with acids and forms the base for all the salts of lead. 

It is precipitated from its solutions by pure alkalies as a 
white hydrate, which is re-dissolved by potassa in excess ; as a 
white carbonate, which is the well known pigment ^h\\jQ lead, 
by alkaline carbonates ; as a white sulphate, by soluUe sul- 
phates ; as a dark-brown sulphuret by hydrosulphuric acid^ 
and as a yellow iodide of lead by hydriodic acid, or iodide of 
potassium. — T. 

Metallic lead is separated from the salts of the protoxide by 
iron or zinc. 

Exp, In a solution of 1 part of acetate of lead in 24 parts 
of water contained in a glass bottle, suspend a piece of »nc 

ret, three equivalents of oxide of lead and one of sulphuric acid reault, 
while one equivalent of the sulphuret, and one of the sulphate mutu- 
ally decompose each olher, giving rise to two equivalents of sulphu- 
rous acid, and two of metallic lead. The lead of commerce com- 
XQonly contains silver, iron and copper.— T. 
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by a thread. The lead will be deposited upon the ztno in a 
form resembling a tree — a peculiar appearance called arbot 
Satumu 

Uses. Protoxide of lead enters into the composition of flint* 
glass, and is imployed for glazing earthen ware and porcelain. 

Peroxide of lead, Pb+SO. 119.6, is formed by the action of nitric 
acid upon the red oxide, or minium of commerce. It is of a puce 
CQlor, inaoluble in water, and resolved by strong oxygen acids into ft 
salt of the protoxide and oxygen gas. 

Red oxide of lead, 3Pb4-40. 342.8, is prepared by heating 
lead in the air nearly to the point of fusion, by which it is oxi- 
dized. It is then exposed to a temperature of 600® or 700**, 
while a current of air passes across its surface. It slowly ab- 
sorbs oxygen, and is converted into the minium of commerce. 
It is employed as a pigment, and in the manufacture of fTmt- 
glass, but does not unite with acids and form salts. 

Chloride of lead, Pb+Cl. 139.02, is obtained by adding hydrochloric 
acid to a solution'of acetate or nitrate of lead. It is sometimes called 
Aomlead j dissolved in hot water, it appears on cooling in small acic- 
ular anhydrous crystals, of a white color. 

Iodide of lead, Pb+1. 229.9 ; bromide of lead, Pb+Br. mt ; fiuor^ 
ide of lead, Pb-f-F. 122.28; sulphuret of lead, Pb+S. 119.7; pkoi- 
pkuret of lead and carburet of lead, composition uncertain ; cijamiret 
of lead, Pb+Cy. 129.99.— (See Turner's Elements, p. 393.) 

The salts of lead are generally poisonous, of which the car- 
bonate is the most virulent. 

Alloi/s of lead. Common pewter is an alloy of 20 parts of 
lead and 80 of tin. FVnc solder consists of 1 part of lead and 
2 of tin, and is employed for tinning copper. Coarse solder 
contains one fourth of tin and is used by plumbers. Pot metal 
is an alloy of lead and copper. 



Sect. 6. Metals, the oxides of which abe reduced to 

THE metallic STATE BY A EBD HEAT. 

MERCURY, or qmCKSTLVER. 
Syinb. Hg. Eqoiv. 208. Sp. gr. 13.568. 
Mercury was well known to the ancients. Its principal ore 
is the sulphuret or native cinnabar, from which it is separated 
by distillation with quick lime, or iron filings. 
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Properties. Mercury is. the only metal which retains its 
liquid form at common temperatures. It is of a tin-white 
color, and strong metallic lustre ; boils at 662° Far. and con- 
geals at 40° below zero, in which state it is malleable, and has 
an increased specific gravity 15.612. It is not tarnished by 
exposure to cold moist air, unless it contain other metals. It 
is* sometimes adulterated with an alloy of lead and bismuth, 
which renders it less fluid and volatile, leaving a residuum 
when boiled in a silver spoon. 

Mercury is not acted upon by any of the acids except the 
sulphuric and nitric. It is used for collecting those gases 
which are absorbed by water. 

Compounds of Mercury. 

Protoxide of mercury, Hg+O. 210, is prepared by mix- 
ing calomel with pure potassa in excess in a mortar, and stir- 
ring it briskly to effect a rapid decomposition. The protox- 
ide is then washed in cold water, and left to dry in a dark 
place. 

Properties. It is a black powder, insoluble in water, com- 
bining with acids, and but feebJy with alkalies. The alkalies 
precipitate it from the solution of its salts, as a black protox- 
ide. The best test of its presence is the hydrosulphuric acid, 
by which it is thrown down as a black proto-sulphuret. 

Binozide of mercury^ Hg+20. 218, is commonly known 
by the name of red precipitate.* 

Process, Peroxide of mercury may be prepared by dissolving 
mercury in nitric acid, and exposing the nitrate thus formed, to a tem- 
perature just sufficrent to expel the whole of tlie nitric acid. It may 
also be formed by exposing mercury in a mattrass, with a long tube 
to the agency of beat and air, for ttie space of three or four weeks. 

Properties. It exists in shining, crystalline scales, nearly 
black when hot, and red when cold ; slightly soluble in water. 
The solution has an acrid, metallic taste, and is poiscmous. 

This oxide is separated from all acids by the carbonated 
fixed alkalies, and is reduced to the metallic state by copper. 

* This is the hydrargyri &sidum rvhrum of the Pharmaeop. 
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ProtO'chloride of mercury^ Hg-(-Ck 237.42, is commonly 
called calomely and was first mentioned in the seventeenth 
century by Crollius. 

Process. It may be obtained by bringing chlorine gas in contact 
with mercary, but it is more commonly prepared by sublimation. 
This is done by mixing one equiv. of the bichloride with one equiv. 
of mercury, until the metallic globules entirely disappear, and then 
subliming. To purify it from corrosive sublimate, which is always 
mixed with it, when first prepared, it must be reduced to powder, 
and well washed, when it will be fitted for chemical, or medical pur- 
poses. The proto-chloride is also found native, and called horn quick- 
stiver. 

Properties. When obtained by this process, calomel ex- 
ists in semi-transparent, crystalline cakes, of a yello>y color 
when warm, but white when cold ; sublimes a Ihtle below a 
red heat, and a part of it is resolved into mercury, and the 
bichloride. It is insoluble in water, and is decomposed by the 
pure alkalies. 

Used extensively for medical purposes— acts powerfully 

upon the glandular system. 

Bichloride of mercury, Hg-[-2Cl. 272.84, is formed by heating 
mercury in chlorine gas. During the process, the metal burns with 
a pale red flame, it is prepared for medical purposes by subliming 
a mixture of bisulphate of the peroxide of mercury with chloride 
of sodium, or sea salt. 

Properties, Bichloride of mercury, commonly called cor* 
rosive sublimate^ is a roost virulent poison. It is white, semi- 
transparent and crystalline in its texture; taste acrid and 
nauseous, more soluble in alcohol than in water, sp. gr. 5.2. 
It sublimes in the form of a dense, white vapor when heated, 
powerfully affecting the mouth and nose ; soluble in hydro- 
chloric, nitric and sulphuric acids, and is decomposed by the 
alkalies, and several of the metals.* 

Tests, Place a drop of the suspected liquid on polished gold, and 
touch the moistened surface with the point of a pen-knife ; the part 
touched will instantly become white, owing to the formation of an 
amalgam of gold. 

Some animal and vegetable substances convert the bichloride into 
calomel; the best is albumen, made by mixing the white of an egg 
in water ; hence the white of an egg is an antidote to poisoning by 
corrosive sublimate 

* Protiodide of mercury, Hg+I. 328.3; sesquiodide^Bg^l*, 782.9; 
biniodidef Hgl*. 454.6; protO'bromide, HgBr. 280.4; bihromide of 
mercury, Hg4«2Br. 358.8 ; ioduretted Inckioride of mercury, aOHgCl* 
+1. 5583.1 ; iodobii^Uoride of mercury, 40HgC1^4-HgI«. U368.2 
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Pr^i^sulpkuret of mercuryy Hg+S. 2iai. 

Bigul^tkMrtt of fiMrcHry, H^-I-SS. 234i2, may be formed by fhshigf 
sulphur with six times its weight of mercury, and subliming inclofM 
vessels. 

Properties. When thus obtained, it has a red color, and is 
known by the name of factitious cinnabar. When reduced 
to powder its tint is greatly improved, and constitutes the 
well known pigment, vermiUion. The native cinnabar is a 
histilphuret^ and is the principal ore of mercury. 

Etkiops mineral is a mixture of sulphur and the l»sul- 
phuret, and may be formed by triturating equal parts of sul- 
phur and mercury, until the globules of mercury disappear. 

Bieyanuret of mercury, Hg-f-^y* 228.39, is prepared by boiling a 
solution of Prussian blue with an equal weight of peroxide of mer- 
cury in powder, until the blue color of the pigment entirely disap- 
pears. The solution on evaporation, yields quadrangular prisms of 
hicyanuret of mercury ; it is colorless, inodorous, and highly poi- 
sonous. 

Amalgams. Mercury combines with most of the metals, 
and forms a class of compounds called amalgams. An 
amalgam of one part of potassium and seventy of mercury 
is hard and brittle ; on adding mercury to the liquid, alloy oS 
potassium and sodium, solidification and combustion ensue ; 
two parts of mercury, one of bismuth, and one "of lead form 
a liquid amalgam, from which cubic crystals of bismuth are 
slowly formed. The combination of mercury with those 
metals which are not easily oxidized, enables them to com- 
bine with oxygen ; hence gold and silver, in combination with 
mercury, are easily oxidized by heat and air. With tin it 
forms an amalgam for coating mirrors. 

SILVER," Symb.Ag. Equiv. 106. Sp. gr. 10.51. 
Silver has been known from the earliest ages. It is found 
nativcy and in combination with other substances. The na- 
tive silver occurs in octohedral or cubic crystals, seldom per- 
fectly pure ; it is generally found in primitive formations. 
Peru and Mexico contain the richest mines of native silver 
which are known. 

Preparation, Pure silver may be obtained from standard 
silver, by dissolving it in nitric acid and introducing a clean 

* LtX. ArgefUum. 
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piece of copper. The metal will be precipitated upon the 
copper ; this is then to be washed in pure water, and digested 
in ammonia to remove the copper. A better process is to de- 
compose the chloride of silver by carbonate of potassa. 

Silver is oAen obtained from the argentiferous sulphuret of 
lead, by a process called cupellationJ* Some of the ores 
are also reduced by amalgamation with mercury, and the 
mercuiy expelled by heat. 

Properties. Silver has the clearest white color of all the 
metals. Its lustre when polished, is surpassed only by pol- 
ished steel ; so malleable, that it may be extended into leaves, 
less than a ten thousandth of an inch in thickness, and so 
ductile that it may be drawn into wire finer than the human 
hair ; it fuses at 1873® Far. and appears extremely brilliant 
It is not oxidized by air or moisture, but is tarnished by sul- 
phurous vapors which act slowly upon it ; it burns with a fine 
green light, and throws off fumes of oxide when exposed to 
the action of voltaic currents. None of the pure acids act upon 
it, but the sulphuric and nitric ; the latter is its proper solvent, 
with which it forms the nitrate which, after fusion, is the lunar 
caustic. 

Use. Silver is^one of the precious metals, and is used as a 
coin and for various purposes of art. 

Oxide of silver^ Ag+O or AgO. 116, is best formed by 
mixing a solution of pure baryta with the nitrate dissolved in 
water ; it is of a brown color, insoluble in water, and easily 
leduced by a red heat. 

Fulminating silver is a compound of oxide of lilver and ammonia. 

Process. Precipitate nitrate of silver by lime water, and after 
washinor and drying the precipitate, put it mto a vessel of pure am^ 
monia wt twelve hours; a black powder will be thrown down, which, 
when carefully dried, explodes violently by the gentlest heat, or by 
slight friction. Great care should be taken in its preparation, and it 
should be preserved in small quantities in paper boxes. 

By heating the solution, a more dangerous compound is formed. 

A compound similar to the above, but less dangerous, is formed hy 
dissolving silver in nitric acid, and adding to the solution successive 
portions of alcohol. This substance is used in the preparation of 
small balls called torpedoes, 

* See Webster's Chemistry, 3d edit. p. 308. 
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Chloride of silver^ Ag+Cl 143.42, is the hom silvtr of 
mineralogists. 

It is formed by mixing hydrochloric acid with a sohation of 
oxide of silver. When first precipitated it is white, but be- 
comes almost black by exposure to the solar rays ; insoluble 
in water, but very soluble in ammonia, by which it is usually 
distinguished from other chlorides. It is often employed io 
analysis as the means of ascertaining the amount of chlorine 
present in various compounds. 

Iodide of silver Ag-f-l- 234.3, is a greenish-yellow substance. 

Sulphuret of silver^ Ag+S. 124.1. This is the silver glance of 
mineralogists. Silver has a strong affinity for sulphur; on passing 
a current of hydrosulphuric acid gas through a solution of lunar caus- 
tic, a dark brown precipitate subsides, which is a sulphurct of silver. 

Cyanuret of silver j Ag+Cy. 134.39, is a white, curdy substance. 

Alloys of silver. Silver is alloyed with most of the metals. 
With steel it forms an alloy used in cutlery ; with copper it 
forms the silver plate and coin,* which is the niost useful of 
its alloys; with mercury it forms an amalgam, sometimes 
employed for plating copper. Thermometer scales and 
clock dials, are usually silvered by an alloy of chloride of 
silver, chalk and pearlashes. 

GOLDA Symb. Au. Equiv. 199.«. Sp, gr. 19. 257. 

Gold was known to the ancients, and has always been 
highly valued, as the most precious of the metals. 

Natural History. Gold occurs native alloyed with a little 
silver or copper. It crystallizes in cubes and octohedra ; it 
is found in large quantities in alluvial soils, and in the beds of 
certain rivers, especially on the western coasts of Africa and 
Peru, in Brazil and Mexico, in Europe and the United States.^ 

* The standard silver of Great Britain contains l^-^js of pure sil- 
ver, and -^^ of copper. That of the United States, one part by 
weight of copper, and nine of silver. The dollar weighs 412^ gre. 
and the dime 41 j- grs. 

t Lat. Aurum, 

X The gold from all the mines in the United States in 1836, 
amounted to 467,000 dollars, 148,100 dollars of which were from 
North Carolina. 
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Process. Gold is generally separated by amalgamation, 
and cupellation, but the best mode is to fuse the gold with 
silver, so that the latter shall constitute i of the mass ; nitric 
acid will dissolve the silver, and leave the gold. This process 
is called quartation. 

To obtain gold perfectly pure, dissolve standard gold in 
nitro-hydrochloric acid ; evaporate the solution to dryness, 
re-dissolve it in distilled water, filter, and add to the solu- 
tion sulphate of the protoxide of iron — a black powder falls, 
which, when washed in dilute hydrochloric acid, and distilled 
water, yields, on fusion, a button of pure gold. 

Properties. Gold is distinguished from all other metals by 
its yellow color ; it exceeds all others in ductility and mallea- 
bility ; it may be beaten into leaves not exceeding t^^ott ^^ 
an inch in thickness ; it is very flexible and soft ; fuses at 
2016** Daniell, and appears of a brilliant green color. It is 
not easily oxidized, even in the state of fusion, but on sub- 
jecting a fine wire to an electric discharge, a purple powder 
is produced which is probably an oxide ; it is readily dis- 
solved by nitro-hydrochloric acid. 

Protoxide of gold, Au-|-0. 207.3, is formed by adding 
a cold solution of potassa to the proto-chloride, a precipitate 
falls of a green color, which changes spontaneously into me- 
tallic gold and teroxide. 

Binoxide qf gold, Au-f-20. 215.2, is formed by the combustion of 
gold. 

Teroxide of gold, Au+30. 223.2, is the only well known 
oxide of gold. 

Process. Dissolve one part of gold in the usual way, render it 
quite neutral by evaporation, and re-dissolve in twelve parts of 
water ; to tiie solution add one part of the carbonate of potassa, dis- 
solved in twice its weight of water, and digest at about 170©; car- 
bonic acid gradually escapes, and the hyd rated teroxide, of a brown- 
ish red color, subsides. After being well washed, it is dissolved in 
colorless nitric acid of sp. gr. 1.4, and the solution decomposed by 
admixture with water. 

The hydrated teroxide is thus obtained quite pure, and is rendered 
anhydrous by a temperature of 212® Far.— T. 

Properties, The hydrate is yellow, but the anhydrous 
teroxide is nearly black, insoluble in water, and completely 
decomposed by solar light, or a red heat. With alkalies it 
23 
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acts the part of a weak acid, and was called by Pelletier, oti- 
ric acid. When the teroxide is kept in ammonia for the 
space of a day, a detonating compound of a deep olive color 
is formed. It is composed of one equiv. of gold, two of ni- 
trogen, six of hydrogen, and three of oxygen. 

The fulminating gold is a similar compound. 

Process. Add pure liquid ammonia to the dilute chloride. The 
precipitate which is formed, will be re-dissolved if too much alkali 
18 used ; filter the liquid, and wash the sediment several times in 
warm water, dry it by exposure to Uie air, and preserve it in small 
paper boxes. 

Exp. Hold, on the point of a knife, a small portion of the powder 
over the flame of a spirit lamp, and it will detonate violently. 

Exp. Place two or three grains on a sheet of copper, and explode 
it, it will force a hole tlirough the copper ; a spark from the electri- 
cal machine, or from a flint will not aflect it, but the slightest /Wc- 
tion will cause it to explode, hence the danger of forming it, or of 
putting it up in large quantities. 

Proto-cMoride of gold, Au+Cl. 234.62. 

Terchloride of gold y Au+3C1. 305.46, is obtained, by concentrating 
a solution of gold, in ruby red crystals. This is the compound from 
which pure gold is obtained, and also most of the preparations of gold. 

Exp. When a strong aqueous solution of the terchloride is shaken 
with an equal volume of ether, two fluids result, the lighter of which 
is an ethereal solution of gold. 

Exp. When a piece of charcoal is immersed in the aqueous solu- 
tion, and exposed to the solar rays, it is covered with metallic gold. 

Exp. Ribbons are gilded by moistening them in this solution, and 
exposing them to a current of hydrogen gas. 

Exp. Add the proto-chloride of tin to a dilute aqueous solution of 

fold, and a purple-colored precipitate, the purple of Cassius, is thrown 
own. On fusing this powder with sand and borax, it forms a purple 
enamel, which is used for giving a pink color to porcelain.* 

AUoys of gold. Grold forms alloys with most of the metals. 
With tin it forms a whitish brittle alloy. On this account the 
old chemists called tin diaholus metallorum. 

With lead, it forms a very brittle alloy. Even the fumes of 
lead destroy the ductility of gold. With copper it forms the 
alloy used for standard gold ; which is perfectly malleable and 
ductile, harder than pure gold, and resists wear better than 
any other alloy, except that of silver, sp. gr. 17.157. The 
standard gold of the United States, is an alloy of 1 part of an 

^ Iodides of gold lire formed by the action of iodide of potassium on 
the terchloride of gold -, protiodide of gold, Au-fl. 325.5; teriodid^ 
Ofgoldf Au+31, 576.1 ; tersulphuret of gold, Au+3S. 247.5. 
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alloy of copper and silver, and 9 parts of pure gold. The 
British " sovereign " is 22 carats fine, that is, 22 parts of pure 
gold, and 2 of copper and silver. 

Water-gilding. Mercury and gold combine, and form an 
amalgam much employed in gilding. It is applied to the sur- 
face of silver, and the mercury driven off by heat. 

Porcelain^ is gilded with gold ;?(w^(fcr— obtained by decom- 
posing the chloride of gold— applied with a pencil, and burnish- 
ed after exposure to the heat of a porcelain furnace. 

PLATLYUM. Symb. PI. Equiv. 98.8. Sp. gr. 21.25. 

Platinum is a very rare metal. It occurs native in Brazil, 
Peru, and other countries of South America, in rounded or 
flattened grains, mingled with other metals. It is found in 
larger quantities in the Ural Mountains. 

Properties. Platinum is the nfK>st dense of the metals, of a 
white color resembling silver. It is malleable, and so ductile, 
that it may be drawn into wire not exceeding xSsts o^, ^^ i^^ch 
in diameter. It is soft, and easily welded, conducting caloric 
with less facility than many other metals. It is not attacked by 
any of the pure acids. Its solvent is chlorine, or nitro-hydro- 
chloric acid. It is fused before the corppouod blow-pipe, and 
by voltaic electricity. 

Spongf/ platinum^* has the remarkable property of causing 
oxygen and hydrogen gases to combine. Platinum-foil will 
produce similar effects. This is due to the attraction of the 
gases for the platinum, and the repulsive power of the gases 
themselves. They are thus so condensed upon the surface as 
to bring the particles of the gases within the sphere of each 
other's attra^tioQ* 

Bxp, Let a jet of hydrogen and oxygen opon a piece of »poTigy 
platinum — the gas will soon be inflamed. 

Protoxide of platinum j Pl-j-O. 106.8, is prepared by digesting pro- 
tp-ebloride of platinum in a s^lwlion of pure potassa, 

Binoxide of platinum, P14-20 or ?\0^. 114 .8, is prepared with diffi- 
culty. According to Berzelius, it should be prepared by exactly de- 

* The sponge is prepared by adding ammonia to a solution of the 
chloride, and heating the precipitate to dri^e off the ammcmia and 
chlorine. 
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composing sulphate of binozide platinum with nitrate of baryta, and 
adding pure soda to the filtered solution, so as to precipitate about 
half of the oxide, which falls as a bulky hydrate of a yellowish brown 
color. 

Sesqid-oxide of platinum. '2PI4.3O. 221 .6. This oxide, of a grey 
color, is prepared by heatingr fulminating platinum with nitrous acid. 

Proto-chloride ofpUuinumy P1-|-C1. 134.22, is formed when the bi- 
chloride is heated to 450® ; half of its chloride is expelled, and the pro- 
to-chloride, of a greenish-grey color, remains. 

Bichloride of platinum. Pl-f-2Ci. 169.64. 'Hiis chloride is obtained 
by evaporating the solution of platinum in nitro-hydrochloric acid io 
dryness, at a very gentle heat, when it remains as a red hydrate, 
which becomes brown when its water is expelled. — (See Turner, 
page 408.) 

Protiodide of platinum, Pl+I. 225.1. 

Biniodide of platinum, P1-|-2I. 351.4, is prepared b^ the action of 
iodide of potassium on a rather dilute solution of bichloride of platinum. 
It is a black powder, tasteless, inodorous, and insoluble in water. 

Proto-std^kuret of platinum y P\-j-S. 114.9, is prepared by beating 
the ammoniacal chloride with half its weightof sulphur, until all ms 
sal-ammoniac, and excess of sulphur are expelled. 

Bisulphuret of platinum, Pl-f-2S. 131, is prepared by dropping a 
solution of bichloride of plattoum into a solution of sulphuret of po- 
tassium. 

Fulminating Platinum may be prepared by the action of 
ammonia in excess, on the sulphate of protoxide of platinum. 
It explodes at 420** with a very loud report, but does not ex- 
plode by percussion. 

Palladium^ rhodium^ osmium^ and irridium are found asso- 
ciated with platinum, but exist in small quantities. 

Palladium^ Pd. 53.3. sp. gr. 11.5, was discovered by Wol- 
laston, and resembles platinum in color and lustre. 

Rhodium^ R. 52.2. sp. gr. 11, was also discovered by 
Wollaston. It is, when fused, of a white color, hard, and ex- 
tremely brittle. It attracts oxygen at a red heat, and a mix- 
ture of peroxide and protoxide of rhodium is formed, not ac- 
ted upon by any of the acids, unless alloyed with other metals. 

Osmium^ Os. 99.7. sp. gr. 7 to 10, was discovered by 
Tennant in 1803. It is a black powder, which acquires me- 
tallic lustre by friction. When heated in the open air, it takes 
fire, and is readily oxidized and dissolved by fuming nitric 
acid. 

Osmic actd^ 0B-f40. 137.7, is formed by the oxidation of 
osmium by acids, by combustion, or by fusion with nitre or 
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alkalies. Its vapor is very acrid, exciting cough, irritatiog 
the eyes, and producing a copious flow of saliva.* 

Irridiumj Ir. 98.8. sp. gr. 15.3629, was discovered hy Ten- 
nant in 1803, and about the same time by Descotils, of France. 
It is the most infusible of all metals, very brittle, and when 
polished resembles platinum.t 

Latanium^ is a metal recently discovered by Mosander. It 
is prepared by calcining the nitrate of cerium, mixed with ni- 
trate of latanium. 



CHAPTER V. 



SALTS, OR SECONDARY COMPOUNDS. 

Salts comprise a very extensive class of compounds, in 
which acids combine with oxides, or with other compounds 
having similar properties. The oxide which combines with 
the acid, is termed a base^ or salifiable base. 

The substances hitherto described are either simple bodies, 
or with a few exceptions, compounds of two simple elements, 
and are hence called binary compounds. 

Salts, on the other hand, are composed of three or more 
simple bodies, and are hence termed secondary compounds. 
As salts, under favorable circumstances, readily assume regu- 
lar crystalline forms, it seems proper, before proceeding to de» 
scribe them, to present the subject of crystallization in general. 

Sect. 1. Crystallization. 
Most bodies, under favorable circumstances, may be made 
to assume the form of a regular geometrical solid. The 
process by which such a body is produced is called crystaUi- 

* For other compounds ofosmiam, see Turner, 5th ed. p. 412. 
t Irridiam forms with oxygen four oxides, and with chlorine, four 
chlorides. (See Turner, 5th ed. p. 414« 
23» 
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zation; the solid is termed w crystal; axid the ecieoce, the 
object of which is to study the ftmn of crystals, is trystaXk^" 
raphy. The condition, by which this process is peculiarly 
favored, is the slow and gradual change of a fluid into a 
solid, the arrangement of the pairticles being at the same time 
undisturbed by motion. This is exemplified during the slow 
cooling of a fused mass of sulphur or bismuth, or the spon- 
taneous evaporation of a saline solution. The numerous crys- 
tals found in the mineral kingdom, are due to the same cause. 

The surfaces which limit the figure of crystals are called 
planes or faces. The lines formed by the junction of two 
planes are called edges y and the angle formed by two such 
edges is a plane angle ; a solid angle is the point formed by 
the meeting of at least three planes. — T. 

The forms of crystals are exceedingly diversified ; they 
may be divided into primary and secondary forms. 

The primary forms are fourteen in number, and may be 
distributed as follows : 1. Prisms ; 2. Octofaedrons ; 3. Dode- 
cahedrons. 
* The prisms have either a six-sided base, or a four-sided 



I. Right Prisms. 

The bases are either right* or obli(jue, and the prisms 
are named according to their bases. 

Fig. 70. 



1. The hexahedron or cube (fig. 
70.) is a figure bounded by six square 
faces, and all the angles of its edges 
are equal to 90 degrees. 
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* The term right deaot^s^tbat the lateral and terminal planep are 
inclined to each other at a right angle. It is used in opposition to 
oblique^ which signifies that the sides are not perpendicvlar, bi^t form 
an oblique angle with the terminal pUuMif.— T. 
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Fig. 71. 




CrysiaUographjf' 

% The right square prism (fig. 71.) 
differs from the cube in having its four lat- 
eral planes cccc rectangles, and the ter- 
minal planes ««, squares. 

3 The right rectangular pnsm, (ng. 
71.) differs froip the former, in having ^h? 
terminal plates aa rectangular mstead of square. 

A.Therightrhom- Fig.^^^ ^^- "^^ 

bic prism (fig. 72.) 
differs from the two 
preceding only in its 
terminal planes being 
rhombs. 

5. The right rhom- 
boidal prisms (fig. 

jSelSK^^^^^^ terminal plans aa being rhomboids. 

Fig.n. 



11. Oblique Prisms. ^^ ^^.. , , 
6 TAe rAomftoAerfron (fig. 75.) is bound- 

ed by six rhombic faces, of the same size 

and form. 






Fig. 75. 



Fig. 76. 




7. The oblique rhom* 
bic prisms (fig. 74.) have 
the terminal planes ab 
rhombs, with the lateral 
planes forming oblique 
angles with them. 

8. Oblique rectangu- 
lar »n«« differs from the 

piling iahaviog the termmal planes ««ctan^^^ _ 

^ 9. Oblique rhamboidal pmm (fig. 76.> d»fl^.^J«^fJ^! 
two preceding forms in the terminal planes cc being rhom- 

^ne octoheelrons are also named from their bases The 
base of the octohedron is a section passing through four 
angles. . 
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10. Regular Of ioke- Fig. 77. Fig. 7a 
droit (fig. 77.) has a 
square l^ise aaaa^ and 
is contaiDed under eight 
equilateral triangles — 
hence all its plane an- 
gles are equal to60de- o^ 
grees. This fisure is a 
ergular solid of Geom- 
etry. ^ ^ 

11. Square octohe' * ^ 

dron (fig. 78.) has a square base aaaa, and is bounded by 
eight faces which are isoscles triangles. The base is always 
a square, the only part of the figure which is constant. 



12. Rectangular octahedron (fig. 79.) 
has a rectangular base aaaa^ and is bound- 
ed by eight isoscles triangles, four of a 
which are difierent from the other four. 



13. Rhombic octohedron 
(fig. 80.) has a rhombic 
base aaaa^ and is con- 
tained under eight similar 
scalene triangles, but all 
its dimensions are variable. 

14. Dodecahedron, — 
There is but one primary 
dodecahedron, called the 
rhombic dodecahedron, (fig. 
similar rhombic faces; me 





angle of 120 degrees.* 



81.) and is limited by twelve 
faces incline to each other at an 



Secondary Forms. 

The secondary forms of crystals are very numerous, 

* The instrument used for tneasarinff the angles, at which the 
planet of crysttlt meet or incline to each other are called gimiomf 
'— See Dana's Mineralogy, p. 3S, New Haven. ^"*^ 
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amounting to millions ; the forms of a single mineral calca" 
reousspar^ have been found to be nearly a thousand, but each 
of the secondary forms may be reduced to one or more of 
the primary, by a process called cleavage ; this process is 
usually performed with a sharp instrument, by removing thin 
lamina from the faces, edges or angles of the ciystal. The 
surfaces exposed by splitting, or cleaving a crystal, are 
termed the faces of cleavage, and the direction in which it 
may be cleaved, is called the direction of cleavage. Some 
crystals are cleavable in one direction, and some in two, three, 
four, or more directions. 

Those which cleave in more than two directions may, by 
the removal of layers parallel to the planes in their cleavage, 
be made to assume regular primary forms, whatever be their 
figure previous to cleavage. 

It was formerly supposed, that each substance always had 
the asime j)rimarf/ fcffm, but the discovery was made by Mit- 
scherlich in 1819, that identity of composition did not always 
indicate identity of crystalline form. 

To this new branch of science the term isomorphism 
from IfToq equal, and fto^ijpij form,) is applied.* 

The phenomena of crystallization is ascribed to cohesive 
attraction, or more properly to crystallogenic attraction. 

The crystallization of salts is most readily effected by dis- 
solving them in water, and evaporating the solution. 

Exp. Introduce into a large matrass, a pound and a half of Glau- 
ber's salts (sulphate of soda), with a pound of water, and boil the 
mixture until all the salt is dissolved ; cork it tight, as th(i heat is re- 
moved, and let it cool. On taking out the stopper, the salt will sud- 
denly crystallize, and the whole will become nearly solid. 

The water enters into the crystal in definite proportiops, 
and is called the water of crystallization. The quantity of 
combined water is very variable in difierent crystals ; such 
salts when heated, dissolve if soluble, in their own water of 
crystallization, undergoing what is termed watery fusion; 
some salts when exposed to the air, lose their water of crys- 
tallization, and crumble down Jnto a fine powder. This is 

* See Turner, 5tb ed. p. 429. 
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termed efflorescence; others absorb water from the atmos- 
phere, and are said to deliquesce. 

Some sahs enclose mechanically within their texture parti- 
cles of water, by the expansion of which, when heated, they 
burst with a crackling noise ; this is called decrepitation. 



Section 2. Orber 1. 

Oxi/'SaUs. 

This order includes no compound, the acid or base of 
which does not contain oxygen. All the powerful alkaline 
bases, except ammonia, are protoxides of an electro- positive 
metal. If M represent an equivalent of any metal, M-j-O or 
MO is the strongest alkaline base, and generally the only one 
which the metal is capable of forming ; a single equiv. of 
acid neutralizes MO, forming a neutral salt. Thus, if an 
equiv. of sulphuric &nd nitric acids be represented by SO^ 
and NO^, all the neutral sulphates and nitrates of the pro- 
toxide will be indicated by MO+SO^ and MO-j-NO^ ; hence 
it may be inferred, that in each family of salts there is a con- 
stant ratio in the oxygen of the base, and that of the acid ; 
that for sulphates is as one to three, and the nitrates as one to 
five. If the base be a binoxide, the same relation is pre- 
served. 

Those salts which are formed by the same acid, combined 
with different bases, have many properties in common, and 
hence they are classed in the same family. 

Salts sometimes combine with each other, forming double 
salts ; these are composed of two acids and one base, of two 
bases and one acid, or of two different acids and two differ- 
ent bases ; these were formerly called triple salts. 

Stdphates. 
Many of tho sulphates occur native^ of which those of lime 
and baryta are the most abundant. They may all be formed 
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by the action of sulphuric acid on the metals, their oxides, 
their carbonates, or by double decomposition. They vary in 
solubility in water, and are all decomposed at a white heat, 
and by carbonaceous matter with the aid of heat. 

The acid of the sulphate is readily detected by the chloride 
of barium, — the acid having a stronger affinity for baryta 
than for any other alkaline base. The sulphates are a very nu- 
merous family of salts. The following are the most impor- 
tant. 

Sulphate ofpotassa, KO-f-SO^. 87.25, was formerly called 
sal de duobus, and potass<B sulphas. It may be prepared by 
neutralizing carbonate of potassa with sulphuric acid. 

Properties. Taste saline and bitter. Its crystals belong 
to the right prismatic system^ and contain no water ; soluble 
in 16 times their weight of water at 60°, and in 5 of boiling 
water. 

Bisulphate of potassa^ KO-f-2S03. 127.35, with one equiv. 
of water 136.35. This salt is prepared by heating the sul- 
phate, with half its weight of sulphuric acid, in a platinum 
crucible. 

Properties, It has a sour taste, and reddens litmus paper ; 
is more soluble than the sulphates, and its crystals belong to 
the same order. It is used for cleaning coin, and other works 
in metal. 

Sulphate of soda^ NaO-fSO^. 71.4, in crystals with 10 
equiv. of water 161.4, is well known as Glauber* s salts. It is 
found in the earth, and in the water of many springs. It is 
easily formed by saturating SO^ with carbonate of soda. 

Properties. Taste bitter, cooling and saline. Its crystals 
belong to the right prismatic system, effloresces on exposure to 
the air, and undergoes watery fusion when heated. 12 parts 
of the salt require 100 of water at 32° to dissolve them. Used 
in pharmacy, and in the manufacture of glass. 

Bufulphate of soda, NaO-f2SO«. 111.5, with 4 equiv. of water 147.5. 

Sulphate oflitha, LO-f-SO*. 58.1 in crystals with 1 equiv. of water 
C7.1, has a saline taste, very soluble and fusible, and crystallizes in 
flat prisms. 
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Sulphate of ammonia, H'N-I-SO'. 57.25, in crystals, with 1 equiv. 
of water 67.1, sometimes occurs native in volcanoes, and near cer> 
tain small lakes in Tascanj. It may be prepared by nentralizing 
sulphuric acid with carbonate of ammonia. It is contained in soot 
from coal. 

Properties, It crystallizes in long, flattened, six-sided prisms, 
soluble in two parts of water at 60^, and in an equal weight 
of boiling water ; effloresces in warm, dry air, losing 1 equi^. 
of water ; yields its water of crystallization by heat, fuses, 
and is decomposed, yielding nitrogen, water, and SO^-f-H^N. 

Uses, It is the source of the hydrochi orate of ammonia ^ which is ob- 
tained by a mixture of common salt and sulphate of ammonia by sub- 
limation. 

Sulphate of baryta^ BaO-|-S03. 116.8. sp. gr. 4.4, occurs 
native in great abundance, and is known by the name of 
heavi/'Spar. 

Properties, Insoluble in water, and is precipitated by add- 
ing SO^ to any soluble salt of baryta. So delicate is baryta 
as a test of SO^, that 1 part of sulphate of soda in 400,000 of 
water is detected by it. It fuses at a high temperature into an 
opake, white enamel. 

Uses. It is employed in the manufacture of jasper ware^ 
and for a paint under the name'of permanent white,* (See 
Baryta, page 241, also Light, p. 63.) 

Sulphate ofstroritia, SrO-|-S03. 91.9, occurs native in beau- 
tiful crystals in Sicily, and also on Strontian island, Lake Erie. 

Properties, It has a blue tint and is called celestine ; some- 
times it is colorless and transparent, nearly insoluble requiring 
4000 parts of cold, and 3840 of hot water to dissolve it. Heat- 
ed with charcoal its acid is decomposed, and sulphuret of stron- 
tium is formed. 

Sulphate of lime, CaO+SO^. 68.6, with 2 equiv. of water 
86.6, occurs in nature in large quantities. Every variety of 
gypsum is the sulphate combined with 2 equiv. of water, 
such as Plaster of Paris, selenite, which is a crystallized va- 
riety, alabaster, a white compact variety used in statuary, and 
anhydrite, which contains no water. The salt may be formed 
by mixing, in solution, a salt of lime with any soluble sulphate. 

* It is the best paint for marking phials and jars, in the Laboratory. 
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Properties. Crystals oi anhydrite belong to the right, and 
of gypsum to the oblique prismatic systems. It is nearly 
tasteless, soluble in 500 parts of cold, and 450 of boiling water ; 
4)ence it is generally found in spring and river water, and es- 
pecially in those waters called hard. Baryta will detect the 
SO^, and oxalic acid the lime. Heated to 212** in vacuo, it 
parts with 1 equiv. of water, and at 300® the whole ; in this 
state it is used as a cement. By mixing it with a certain por- 
tion of water it hardens rapidly, and becomes dry and solid ; 
on this account it is much used for taking impressions, for 
stereotype plates, and for casts and busts. 

Sulphate of magnesia^ MgO-f-SO^HO. 69.8, in crystals, 
with 6 equiv. of water= 123.8, was procured from the springs 
of Epsom, England, and hence called Epsom salt. It is found 
native, and constitutes the bitter salt and hair salt of mineralo- 
gists. Sometimes it is found incrusting the damp walls of 
cellars and new buildings. Many saline springs contain it. 

But it is generally obtained from sea-water, and exists in 
the bittern Which is lef\ af\er the crystallization of common 
salt. It is obtained by decomposing the hydrochlorate of 
magnesia contained in it with SCP, It may also be formed 
from the carbonate by adding sulphuric acid. 

Properties. It has a saline, bitter, and nauseous taste. Its 
crystals are small, quadrangular prisms,* slightly efflorescent 
in dry air, soluble in an equal weight of water at 60°, and 
If of their weight of boiling water. They undergo watery fu- 
sion when heated, and are partially decomposed at a white 
heat. 

StUphiUe of alumina, 2Ai(y-^80^, 91.5; in crystals with9.equiy. 
of water, 172.5. 

Tcr-sulphate of afumina/2A\0^+3SO^. 171.7; in crystals with 18 
equiv. of water, 333.7 

Th6 hydrated distdphate is called alvminite. 

Sulphate of protoxide of manganese, MnO-|-SO*HO. 84.8. 

Sulphate of protoxide of iron, FeO+SOSHO. 85.1 ; in 
crystals with five equiv. of water eq. 130.1. This is known 

' ** The larger crystals are generally right-rhombic prisms. 
24 
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by the oame of gretn vitrioii or copperas. It is prepared on 
a larfle scale for the arts, by exposing the native proto-imlpbu- 
ret of iron to air and moisture ; the iron is converted into an 
oxide, and the sulphur into SO^ ; they then combine and form 
the sulphate. It may also be formed by the action of SO^ on 
the iron. 

Properties. Its taste is strongly styptic and inky. When 
pure it does not redden the vegetable blue colors. Its crystals 
have a blue tint and belong to the oblique prismatic system ; 
soluble in two parts of cold, and in | its weight of boiling wa- 
ter. It is used in the manufacture of fuming sulphuric acid, 
and in dyeing. 

Ter-sulphate of the sesqui-oxide, SFe^O^+SCP. 200.3. 

Disulphate of the sesqui-oxide, Fe^OS+SSOa. 200.1. 

Sulphate of the protoxide of zinc^ZnO'\'^Q^Wy. 89.4, wilh 
6 equiv. of water= 143.4, commonly called white vitriuU i« 
formed by the action of dilute sulphuric acid on zinc. It is 
prepared in the arts by roasting the native sulphuret of zinc. 

Properties. It crystallizes by^spontaneous evaporation in 
transparent, flattened, four-sided prisms, referable to a right 
ifaombic prism, and isomorphous with Epsom salt. Taste 
strongly styptic, and although a neutral salt, reddens vegeta- 
ble blue colors ; soluble in 2^ parts of cold, and a less quanti- 
ty of boiling water. 

Use. A powerful emetic, and poisonous if given in large 
doses. 

Sulphate of protoxide of nicheU NiO+SO^HO. 86.6, crys- 
tallizes from its solution in pure water, in right rhombic prisms, 
and like most of the salts of nickel, is of a green color. 

Sulphate of protoxide of cobalt, CO+SOaHO. 86.6, is 
formed by digesting dilute SO^ with oxide of cobalt On 
evaporation it appears in the form of red crystals. 

Ter-sulphale of the sesqui'Oxide of c/«romi«iw, 2Cr0^4-3 
S03. 200.3. 
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Sulphates of the oxide of Copper. 
The disulphatej2CuO+BO^. 119.3, has not been obtained 

in a separate stale. 

The sulphate.oT blue vitriol, CuO+S03HO. 88.7, in crys- 
tals with 4 equiv. of water, 124.7, is formed by roasting the 
native sulphuret, or by dissolving the protoxide in dilute sul- 
phuric acid, and crystallizing by evaporation. 

Properties, The crystals are of a blue color and yield 4 
equiv. of water at 212**, and the whole at 430** Far., when it 
becomes a white powder. 

When ammonia is dropped into a solution of the sulphate 
it forms a dark blue solution, from which, when concentrated, 
crystals are deposited by the addition of alcohol This is the 
ammoniaret of copper of the U, S, Phar, 

Sulphate of the oxides of Mercury, 

The sulphate of protoxide^ HgO-j-SO^. 250.1, is formed 
when two parts of mercury are heated with three of strong 
sulphuric acid so as to produce effervescence. If a strong^ 
heat is employed, the 

BisuTphate, Hg02-|-2S02. 298.2, results, both being anhy- 
drous. When this bisulphate, the salt employed for making 
corrosive sublimate, is thrown into hot water, a yellow salt, the 

Sub-sulphate, 4HgO4-3S03. 992.3, called turpeth min^ 
eral, is generated. 

Sulphate of oxide of silver, AgO-j-SO^. 156.1, is deposited 
when sulphate of soda is mixed with nitrate of silver, and al- 
so, by boiling silver with its weight of sulphuric acid. 

Properties, It is white, and easily fused ; soluble in 
80 times its weight of hot water, and deposites small, needle- 
shaped crystals on cooling. It forms with ammonia a dou- 
ble salt, consisting of 1 equiv. of oxide of silver, one of acid, 
and two of ammonia. It crystallizes in rectangular prisms, 
isomorphous. with the double chromate and seleniate of oxide 
of silver and ammonia. 

NiirO'Sulphuric add, consisting of one part of nitric dis- 
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solved in ten of sulj^uric acid, dissolves silver, but scarcely 
»acts upon copper, lead or iron, uqless diluted with water; 
hence its use in separating silver from old plated articles. 

Double Sulphates. 

Sulphate of soda and lime, NaOSO^+CaOSO*. 140, is the Glauber- 
ite of mineralogists y and occurs in the salt minef* of New Castle. 

SuXphMe ofpotassa and magnesia, KOS0^-|-MgOS0®, is formed by 
mixing solutions of the two salts. 

Sulphate of potassa and alumina^ KOS03-|-2A1033S03. 
258.95, do. with 24 equiv. of water=474.95. This salt, the 
common alum^ is prepared by roasting and lixiviating cer- 
tain clays, containing iron pyrites, and adding to the lyes 
a quantity of sulphate of potassa. It is obtained in Italy from 
alum-stone. Alum is also found in volcanic countries, produ- 
ced by the action of sulphurous vapors on rocks containing 
feldspar. 

Properties. It has a sweetish, astringent taste ; is soluble 

in five parts of water at 60®, and crystallizes in octohedrons. 

Ignited with charcoal, it forms Homberg's pyrophorous. 

Exp. Take 3 parts of lamp-black, 4 of calcined alum, and 8 of pearl- 
ashes ; mix them thoroughly, and heat them in an iron tube to a bright 
cherry-red, for one hour ; on removal from the fire, the tube must be 
carefully stopped. This substance, when exposed to the air and 
breathed upon, ignites with slight explosions. The essential part is 
probably sulphuret of potassium in minute divisions. 

Use. Alum is of great use in the arts, especially in dye- 
ing and calico-printing, because of its attraction for colonng 
matter. 

Ammonia alum has the same form, appearance and taste. 

Soda alum is also similar, except that it contains 26 equiv. 
of water. 

Iron alum is formed by mixing sulphate of potassa with 
ter-sulphate of sesqui-oxide of iron ; it resembles common 
alum in form, color, taste and composition. 

Chrome alums. The ter-sulphate of sesqui-oxide of chro- 
mium forms double salts, with the sulphate of potassa and 
ammonia, very similar to the preceding. 

Manganese alum is formed, by mixing a solution of ter- 
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sulphate of sesqui-oxide of manganese with salphate of po- 
tassa. These salts all crystallize in the octohedral system, 
and are similar in composition, one oxide being substituted 
for another, to form the different varieties. 

Sulphites. 

The salts of sulphurous acid have not hitherto been mi- 
nutely examined ; the sulphates of potassa, soda and ammo- 
nia, are made by neutralizing those alkalies with sulphurous 
acid, and are soluble in water ; but most sulphates are sparing- 
ly soluble, if at all ; they are decomposed by the stronger 
acids. See Turner, 5th edit. p. 443. 

Sect. 3. Nitbates. 

The nitrates may be prepared by the action of nitric acid 
on metals, on the salifiable bases, or on carbonates. As nitric 
acid forms soluble salts with all alkaline bases, the acids of 
the nitrates cannot be precipitated by any re-agent. — T. 

The nitrates are all decomposed by a high temperature, 
and by the agency of heat and combustible matter, hence 
they are much employed as oxidizing agents. The process 
of oxidation by nitre, is called deflagration^ which is gener- 
ally performed by mixing the inflammable body with an equal 
weight of the nitrate, and projecting the mixture in small 
portions, into a red-hot crucible. All the neutral nitrates of 
the fixed alkalies and alkaline earths, together with most of 
the neutral nitrates of the common metals, are composed of 
one equiv. of nitric acid, and one of the protoxide, hence the 
oxygen of the base is to that of the acid, as one to five ; the 
general formula is MO-j-NO*. 

Nitrate of potassa^ KOf-NO*. 10L3, is an abundant nat- 
ural product ; it is obtained from the East Indies by lixiviat- 
ing certain soils ; in Germany and in France, it is produced 
in what are termed nitre beds, 
24* 
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The FrcDch process consists io lixiviating old plaster rub- 
bish ; it also exudes from new walls. Some caverns in Ken* 
tucky afford nitrate of lime, from which nitre is obtained by 
adding carbonate of potassa ; it is also found under old build- 
ings, and is commonly called nitre and saltpetre. 

Properties. Colorless, has a saline and cooling taste, so- 
luble m its own weight of boiling water ; crystallizes in six- 
sided prisms without any water of crystallization, and fuses at 

Fulminating powder is formed of three parts of nitre, two 
of dry sub-carbonate of potassa, and one of sulphur. 

Exp. Heat a small quantity in the flame of a spirit lamp, 
and it will explode with considerable violence. 

Uses. Used in chemistry as an oxidizing agent, and in the 
formation of nitric acid. In the East Indies it is employed 
for cooling mixtures ; one ounce of nitre to five of water, 
reduces the temperature 15^. From its anti-septic proper- 
ties, it is employed for preserving animal substances. 

In the arts, it is extensively employed in the manufacture 
of gunpowder, which consists of nitre, sulphur and charcoal. 

Nitrate of soda, NuOf NO^. 85.45, called by the old wri- 
ters cubic nitre, occurs in the soils of India, and in Peru ; it is 
analogous in chemical properties to the preceding — mixed 
with charcoal, it burns more slowly than nitre. 

Nitrate of ammonia, H^N-j-NO^. 71.3, is formed by neu- 
tralizing dilute nitric acid by carbonate of ammonia, and 
evaporating the solution. It is decomposed by heat, and 
yields the exhilarating gas or protoxide of nitrogen. 

Nitrate of baryta, BaO-fNO. 130.85, is easily prepared 
by digesting the native carbonate in nitric acid, diluted with 
eight or ten parts of water ; on evaporation, crystallizes in 
transparent, anhydrous octohedrons ; soluble in twelve parts 
of water at 60**, and three or four of boiling water. This 
salt is used as a re-agent — for preparing pure baryta, and in 
pyrotechny, to impart a green color to flame.* 

* The green fire it composed of 13 parti tolphur ; 77 nitrate of 
baryta; 5 chlorate of potaiaa; 3 of ar«eniC| and 3 of charcoal. 
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JiUrnte of strontiaj Sr04-N0*. 105.95, in prisms with 5 cquiv. of 
water=J 50.95, is prepared from the carbonate of strontia, in the 
same manner as the preceding, and has similar properties; it is used 
for the red fire employed at theatres,* 

Nitrate of lime, CaO+NO^. 82.65, is found in old plas- 
ter and mortar ; very soluble and deliquescent ; crystallizes 
in hydra ted prisms. 

The nitrate of magnesia^ MgO+NO^. 74.85 has similar 
properties. 

Nitrate of protoxide of copper, CuO+NO^. 93.75, is 
formed by the action of nitric acid on copper ; its crystals 
are prisms containing 7 equiv. of water, of a deep blue 
color, soluble in water and alcohol, and deliquescent. 

Exp, Spread a drachm of this salt on a piece of tin foil, 
moisten it with water, fold it, and lay it on a plate, sufficient 
heat will often be evolved to ignite the metal. 

Aitrate of pfotorUe of lead, l*bO-|-NO», 165.75 ,'may be formed by 
digesting litharge in dilute nitric acid ; it cryptallizes in anhydrous 
octohedrons, and has an acid re-action. 

Dinitrate of protoxide of f«arf, 2PbO+NO*. 2il3.2+54,15=!i>77.35. 

Nitrate of protoxide of mercury, AgO-J-NO^. 264.15, in 
crystals with two equiv. water=s282.15, is obtained by digest- 
ing mercury in nitric acid, diluted with three or four parts of 
water, until the acid is saturated, and then allowing the solu- 
tion to evaporate spontaneously in an open vessel. 

Nitrate of per-oxide of mercury, HgO+NO^. 272.15, is 
formed by heating mercury with strong nitric acid in excess. 

The solution on cooling, deposits transparent^ prismatic 
crystals ; when this salt is put into hot water, it is resolved 
into a soluble salt, whose composition is unknown, and into a 
yellow dinittnUe of the per-oxide, Hg02+NQ% 490.15. 

Nitrate of oxide of silver, AgO-|-NC)5. 170.15, may be 
formed by dissolving silver in nitric acid, diluted wtih three 
parts of water ; if the silver contain copper, it will give a 
greenish hue to the solution ; if it contain gold, it will appear 

* Red fire consists of 40 parts of nitrate of strontia; 13 sulphur ; 
5 chlorate of potassa; and 4 sulphnret of antimony, with a little 
powdered charcoal. 
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in ihe form of a black powder. The solution should be per- 
fectly clear and colorless. 

Properties. The solution by evaporation, deposits trans- 
parent, tabular erystals ; it is caustic, and tinges animal sub- 
stances of a deep yellow, which becomes by exposure to 
light, deep purple or black, and is indelible. 

Heated in a silver crucible to 426°, it fuses, and when cast 
into small cylinders, forms the lunar caustic of pharmacy. 
This when pure, is white and transparent, but the common 
lunar caustic is dark and opaque, owing to the decomposition 
of the nitrate, by raising the temperature too high in its pre- 
paration, and also, in consequence of copper and gold which 
are oAen contained in it ; it is soluble in its own weight of 
cold, and in half its weight of boiling water. 

It is decomposed by light, leaving ^ black stain upon the 
skin or on paper, (see p. 61.) hence it is a very delicate test 
of animal matter, also of chlorine and hydrochloric acid, 
which latter causes a white precipitate, the chloride of silver. 

It is also decomposed by sulphur, phosphorus, charcoal, 
hydrogen, and several of the metals. 

Exp. Place a few grains of this salt with a little sul- 
phur, and also with phosphorus upon an anvil ; when struck 
sharply with a hammer, the former will detonate, and the 
latter explode violently. 

Exp. Dip a piece of silk into a solution of this salt, and 
while moist pass over it hydrogen gas, it will at first turn 
black, and then become irridescent from the reduction of the 
metal. 

Exp. Immerse in a solution of this salt a stick of phos- 
phorus, it will soon become beautifully incrusted with the 
metal. 

Exp. Immerse a slip of ivory in a dilute solution of the 
salt, till the ivory has acquired a brieht-yellow stain, remove 
it to a tumbler of distilled water, and expose it to the direct 
rays of the sun for two hours, when it will become black, but 
on rubbing it, the surface will become bright, resembling 
pure silver. 

Nitrate of silver is the principal ingredient in indeUbk ink, 
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and in those compoands which are used for changing the 
color of the hair. 

In all these cases, the eflect depends upon the reduction of 
a part of the silver to the metallic state. 

Nitrites. 
According to Turner, very little is known of these salts. 

Sec. 4. Chlorates. 

The salts of chloric acid are very analogous to those of ni- 
tric acid. They are all soluble in water, and are distinguish- 
ed by the action of strong hydrochloric and sulphuric acids, 
the former disengaging chlorine, and protoxide of chlorine^ 
and the latter chlorous acid. 

The chlorates ar^ mostly composed of 1 equiv. of protoxide, 
and one of acid ; hence the oxygen of the base is to that of 
the acid, as 1 to 5, or Mo+ClO^. 

None of the chlorates are found native^ and those of baryta 
and potassa, are the only ones which require particular notice. 

Chlorate of potassa, KO+CIO. 122.57, may be forrned 
by transmitting chlorine gas through a concentrated solution 
of pure potassa, until the alkali is completely neutralized ; the 
results are chloride of potassium, and chlorate of potassa.* 

Properties. Chlorate of potassa generally occurs in 4 and 
6 sided crystalline scales ; colorless, and of a pearly lustre ; 
soluble in 16 times its weight of water at 60^, and in 2^ of 
boiling water. It is anhydrous, and fuses at 400° or 500**, by 
increase of temperature, it yields pure oxygen gas. 

It acts very eturgeticalfy upon many inflammabU bodies. 

Exp, Put two grains of the salt into a mortar, with one grain of 
sulphur. Mix them accurately, and then strike the collected mass 
forcibly with the pestle ; a loud detonation will ensue. Charcoal 
will produce a similar effect, or 

* For otl;er processes, see Turner's Chemistry. 
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Exp. Instead of the sulphur, add a grain of pho8phoruS| and the 
detonation will be much louder.* 

Many of the stronger adds decompose this salt, 

Exp. Mix two parts of sugar, with one of chlorate of potassa, and 
pour upon it a few drops of sulphuric acid. The decomposition will 
De attended by a sudden inflammation. 

Exp. Put two parts of this salt with one of phosphorus into a 
wine-^lass filled with warm water, and then pour by means of the 
dropping-tube, strong sulphuric or nitric acids directly upon the 
salt, the phosphorus will ignite under the water, owing to the de- 
velopment of oxygen from the decomposition of the salt. 

Uses, It is employed in the preparation o^ percussion poyy 
der^ in which this salt is substituted for nitre. 

Matches are also made by first dipping them in meked sul- 
phur, and then in a composition of chlorate of potassa, sugar, 
gum arable, and vermillion. 

Lucifer matches have a similar composition. 

An attempt was made in 1788 to substitute chlorate of po- 
tassa for nitre, in the manufacture of gunpowder; but as might 
have been expected, on triturating the mixture, it exploded 
with violence, and destroyed several of the operators. 

A few grains of this salt, put into water with a few drops 
of hydrochloric acid, forms a convenient bleaching liquor. 

Chlorate of baryta, BaO+ClO^. 1^.12, is prepared by di- 
gesting for a few minutes a concentrated solution of cMonUe 
of potassa, with a slight exX:ess of silicated hydrofluoric acid, 
the alkali is precipitated in the form of an insoluble, double hy- 
drofluate of silica and potassa, while chloric acid remains m 
the solution. The liquid, after Alteration, is neutralized by 
carbonate of baryta, which throws down the excess of silica- 
ted hydrofluoric acid, and chlorate of baryta remains in solu- 
tion. 

Properties. It yields, on evaporation, crystals in the form 
of 4 sided prisms, has a pungent taste, is soluble in 4 times 
its weight of cold, and in a smaller quantity of warm water. It 
is employed for forming chlorous acid. 

Perchlorate^. 
The neutral proto-salts of perchloric acid, consist of one 
equiv. of acid and base, as is expressed by the formula, 

* The hands should be covered with gloTes, and the mortar turned 
from the face. 
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M0-|-C107. Most of the salts are deliquescent, very soluble 
in water, and soluble in alcohol. When heated to redness, 
they yield oxygen gas and metallic chlorides ; and they are 
distinguished from the chlorates by not acquiring a yellow 
tint, on the addition of hydrochloric acid. — T. 

The salts are formed by neutralizing the base with per- 
chloric acid, excepting perchlorate of potassa, which is 
formed from the chlorate by heat and sulphuric acid. 

Chlorites. 
The alkaline chlorites are formed by transmitting a cur- 
rent of chlorous acid gas into a solution of the pure alkalies ; 
they are remarkable for their bleaching and oxidizing pro- 
perties. 

UypO'chlorites, 
These salts may be formed by the action of chlorine gas 
on the alkaline bases ; the most important of these, is the hy- 
pochlorate of lime, which is well known as a bleaching powder. 

lodates. 

The salts of iodic acid are very similar in character to 
those of chloric acid ; in all the neutral protiodates, the oxy- 
gen of the base and acid is in the ratio of one to five ; the 
iodates are easily recognized by the action of de-oxidizing 
agents. Thus the sulphurous, phosphorous, hydrochloric and 
hydriodic acids, deprive the iodic acid in the salt of its oxy- 
gen, and set the iodine at liberty. None of the iodates are 
found native ; they are all insoluble, or sparingly soluble in 
water, excepting the iodates of the alkalies. 

lodate of potassa^ KO+IO^. 213.45, may be obtained by 
adding iodine to a concentrated, hot solution of pure potassa, 
until the alkali is completely neutralized. All the insoluble 
iodates may be procured from this salt, thus the iodate of 
baryta may be formed, by mixing chloride of barium with a 
solution of iodate of potassa. 

The hromates are very similar to the chlorates and iodates. 
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Phosphates. 

There are three acids of phosphorus which are isotn^c, 
the phosphoric, pyro-phosphoric and meia'phosphoric ; hence 
it becomes necessary to have three corresponding families of 
salts. 

1. Phosphates. All the neutral proto-phosphates are solu- 
ble in water, and redden litmus paper, on which account 
they are called super-phosphates. 

The tri'phosphates^ except those of the pure alkalies, are 
sparingly soluble, or insoluble in water, but are all dissolved 
by nitric or phosphoric acids. The phosphates and di- phos- 
phates are changed by heat, into pyro-phosphates and meta- 
phosphates ; the phpsphates of the pure alkalies are but par- 
tially decomposed by heat and combustible matter, and those 
of baryta, strontia and lime, undei^o no change, but most of 
the phosphates of the. second class of metals are resolved into 
phosphurets by those agents. 

The insoluble phosphates are decomposed when boiled 
with a strong solution of carbonate of potassa, or soda.' 

Tri'phosphate of potassa, SKO+P^O*. 212.85, is formed 
by adaing caustic potassa in excess, to a solution of ^ phos- 
phoric acid. 

Diphosphate of potassa, 2K02P0-|-P205. 165.7, is pre- 
pared by neuiralizing the super-phosphate of lime obtained 
from bones, with carbonate of potassa. 

Phosphate of potassa, K02HO+P205. 136.55, is formed 
by adding phosphoric acid to carbonate of potassa, until the 
liquid ceases to give a precipitate with chloride of bariurn, 
and then setting aside to crystallize. 

Tri'phosphate of soda, SNaO-f-I^Os. 165.3, in crystals, 
with 24 equiv. of waler=381.8. This salt is prepared by 
adding pure soda to a solution of the succeeding compound, 
until the liquid feels soapy to the fingers ; the solution is then 
evaporated until a pellicle forms ; on cooling, the crystals 
which are deposited, are quickly re-dissolved in water, and are 
crystallized. 
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Properties, Triphosphate of soda crystallizes in colorless, 
six-sided, slender prisms, which have an alkaline taste and re- 
action ; soluble in five times their weight of water at 60®, and 
in still less of hot water ; the crystals undergo watery fu- 
sion at 170°, but are not decomposed at a red heat. The 
feeblest acid deprives the salt of ^ of its soda. 

Triphosphate of soda and basic water ^ 2NaOHO-f-P^O^. 
143, in crystals with 24 equiv. of water=359. This salt is 
the most common of the phosphates, being manufactured on 
a large scale, by neutralizing with carbonate of soda, the 
acid phosphate of lime, which is procured by the action of 
sulphuric acid on burned bones. 

Properties. It crystallizes in oblique rhombic prisms,* 
hence called rhombic phosphate; its crystals are always alka- 
line to test paper, effloresce in the air ; soluble in four times 
their weight of cold, and twice their weight of warm water. 

Acid triphosphate of soda and basic water, Na0.2H0-j- 
P^Qs. 120.7, in crystals with 2 eq.water= 138.7, is commonly 
called the biphosphate of soda^ and may be formed by adding 
phosphoric acid to a solution of carbonate of soda, until it 
ceases to give a precipitate with chloride of barium. When 
the solution is concentrated, it yields two different kinds of 
crystals without varying its composition. 

Phosphate of soda and ammonia, NaO.U^N+F^K)^. 119. 
85, with 10 eq. water=209.85, is easily prepared by mixing 
1 eq. of hydrochlorate of ammonia, and 2 equiv. of the 
rhombic phosphate of soda ; each being previously dissolved 
in a small quantity of boiling water. 

It is known as microcosmic salt, and is much employed 
as a flux in experiments with the blow-pipe ; when heated, it 
parts with its water and ammonia. 

Diphosphate of ammonia, 2H3N+FH35, 105.7, in crys- 
tals with 3 equiv. water= 132.7, is prepared by adding am- 
monia to phosphoric acid until a precipitate is formed ; the 
primary form of the crystals is an oblique rhombic prism. 

Phosphate of ammonia, H^N+PSOs. 88.55, in crystals 
with 3 equiv. water= 115.55, is formed in the same manner 
25 
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as the phosphate of potassa, crystallizes in octohedrons with 
a square base, and in right square prisms. 

Bonephosphate of /fmtf,8CaO-|-3P205.442.2, exists in bones 
after calcination, and fall as a gelatinous precipitate, on pour- 
ing chloride of calcium into a solution of rhombic phosphate 
of soda. 

Triphosphate of lime, SCaO+FOS. 156.9, occurs in the 
mineral called apatite. 

Diphosphate of lime, 2CaO-j-P205-[-l eq. basic water,= 
137.4, commonly called neutral phosphate, falls as a granular 
precipitate, when the rhombic phosphate of soda is added 
drop by drop, to chloride of calcium in excess. 

Phosphate of lime, CaO-|-P2054-2 eq. basic water,==li7. 
9, is commonly called the diphosphate from its acid re-action, 
and may be formed by dissolving either of the preceding salts 
in a slight excess of phosphoric acid ; it exists in urine. 

Diphosphate of magnesia, 2MgO+P205. 112.8. 

Triphosphate of magnesia, SMgO+F^Qs. 133.5. 

Phosphate of ammonia and magnesia, 2MgO-|-2H3N+10 
HO-t-P^O^. 237.1, subsides as a pulverulent, granular precipe 
itate from neutral alkaline solutions, containing phosphoric . 
acid, ammonia and magnesia; it constitutes a variety of 
urinary concretions. 

Triphosphate of oxide of silver, is formed when the 
rhombic phosphate of soda is mixed in solution with nitrate 
of silver ; it is a yellow powder when dry, on exposure to 
light, it is speedily blackened. 

Pt/rophosphates, 

The only salts of this family which have been studied, are 
those of soda and oxide of silver. 
They are thus constituted. 

Dipyropkospkate of soda, 2Na04-P«0». 62.6-4-71.4=134. 
Dtj^vrofhosphiUe in crystals, with 10 eq. water, 90=^224. 
^cid dipyrophosphate of soda and basic toater, NaO.H04-F*0*= 
111.7. 
Pyrophosphate of soda, NaO.P«0*. 31.3+71.4=102.7. 
Dipyrophosphate of oxide of sUver^ 2Ag04.P«0». 232-J-71 .4=303.4. 
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Metapkosphates. 

The only salts of this family yet examined, are those of 
soda, baryta, and oxide of silver. 

Mctaphospkate of soda, NaO.F'O*. 1 eq. Na. 31.5+1 eq. P«0*. 
71.4=102 7. 

Metaphosphate of baryta, BaO.P*0*, 1 eq. BaO. 7674-1 eq. P*0*. 
71.4=148.1 

Metaphosphate of silver, AffO.P«0*. 1 eq. AgO. II64.I eq. P*0*. 
71.4=187.4. 

Snb.metaphosphate of silver, 3As04-2?Kfi. 3 eq. AffO. 348-4-2 eq. 
P«0». 142.8=490.8. 

Arsetiiates. 

Arsenic acid resembles the phosphoric in composition, and 
in many of its properties. The oxygen of the oxide and acid 
in their salts is as one to five ; salts of two equiv. of 
basic water are soluble in water, redden litmus paper, and 
are usually considered bisalts ; those with one equiv. of 
basic water, in which the oxygen of the base and acid is as 
two to five, are commonly called neutral arseniates ; those 
without water are described as sub-arseniates. This acid has 
a strong tendency to form tri-salts; some of the arseniates 
bear a red heat without decomposition, but all are decom- 
posed when thus heated with charcoal, metallic arsenic being 
set at liberty. 

The soluble arseniates are easily recognized by the tests 
for arsenic, (see p. 243) 

The insoluble arseniates are tested, by boiling them in a 
strong solution of the 6xed alkaline carbonates, by which 
they are deprived of their acid ; the acid may then be de- 
tected in the usual way. 

The following are the principal arseniates : 

Triarseniate of soda, 3NaO+As«0*. 3 eq. NaO. 93.7+1 eq. AsH)*. 
115.4=209.3. 

Do, in crystals with 24 eq. water 216=425.3. 

Diarseniate of soda and basic water, 2NaO+HO+A8*0*. eq. 187, 

Jcid arseniate of soda and basic water NaO+2HO+A8'0^q.= 
164.7. 

Triarseniateofpotassaj^KO+Xs^O^.Zeo. KO. 141,45+leq. AsH)*. 
115.4>=J256.65. 
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Diarseniate ofpatassa, 2K04.As«0». 2 eq. KO. 94.3+1 eq. A8«0». 
115.4=209.7. 

Jirseniate of potassaj KO.AiK>». 1 eq. KO. 47.15+1 eq. As«0*. 115- 
4=162.55. 

Diarseniate of ammonia, 2H»N+A8«0». 2 eq. JSH». 34.3+1 eq. 
At«0». 115.4=149.7. 

yhseniate of ammonia, NH'.Af«0(^. leq. NH'. 17.55+1 eq. AbH^. 
115.4=132.55. 

TriarseniaUofbaryta,ZBtiO+AB*0^. 3eq. BaO. 230.1— 1 eq.AsK)*. 
115.4=345.5. 

Diarseniate of baryta, 2BaO+A8«0*. 2 eq. BaO. 153.4+1 eq. A8*0». 
115.4=2()ti.8. 

Jirseniate qf baryta BaO+AeH)*. 1 eq. BaO. 76.7+1 eq. As^O* 115. 
4=192.1. 

Triarseniate of lime, SCaO+AsH)*. 3 eq. CaO. 85.5+1 eq. As«0». 
115.4=200.9. 

Diarseniate o//£m«,2CaO+As«0». 2eq. CaO. 57+1 eq. As«0* 115. 
4=172.4. 

Jirseniate of lime, CaO +A8«0». 1 eq. CaO. 28.5+1 eq. A8«0» 115. 
4=143.9. 

Triarseniate of lead, 3Pb0+A8«0». 3eq. PbO. 334.8+1 eq. AsK)*. 
116.4=450.2. 

Diarseniate of lead, 2PbO+A8«0». 2 eq. PbO. 223.2+1 eq. As«0». 
115-4=338.6. 

Triarseniate of ox-silver, 2AgO+A8*0«. 3eq. AgO. 348+1 eq. 
AsK)^. 115.4=463.4. 

Arsenites, 
The arsenites of potassa, soda, and ammonia may be pre- 
pared by acting with those alkalies on arsenious acid. 

They are very soluble in water, and have an acid re-acti(«. 

Most of the other arsenites are insoluble or sparingly solu- 
ble in water, but are dissolved by an excess of arsenious, nitric, 
and most other acids, with which their bases do not form in- 
soluble compounds. 

They are all decomposed when heated^in close vessels. 

The soluble salts, if neutral, are characterized by forming 
a yellow arseniate of oxide of silver, when mixed with nitrate 
of silver, and a green arsenite of protoxide of copper, Scheele's 
green with sulphate of copper. 

The arsenite of potassa is the active principle in Fowler's 
arsenical solution. 

Chromates, 
The chromates may generally be known by their yellow, 
or red color. They may be known chemically by the green 



Digitized 



by Google 



Ckromaies, Borates: 293 

solution of chloride of chromium, formed by boiling any chro- 
mate with hyhrochloric acid mixed with alcohol. They are 
all decomposed by heat and combustible matter. 

Chromate ofpotassa, KO+CrO^. 99.15, is formed by heat- 
ing to redness the native oxide of chromium and iron, (chr(h 
mate of irony) with nitrate of potassa, when chromic acid is 
generated, and unites with the alkali of the nitre. 

Properties. Taste cool, bitter, and disagreeable, soluble 
in boiling water, and insoluble in alcohol. 

Bichromate of potassa, K04-2Cr03. 151.15, is of great 
importance in dyeing. It is prepared by acidulating the neu- 
tral chromate with sulphuric, or still better, with acetic acid, 
and allowing the solution to crystallize by spontaneous evapo- 
ration. 

Properties. When slowly formed, 4 sided rhombic prisms 
are deposited, which are anhydrous, and of a rich, red color ; 
soluble in 10 times their weight of water at 60°, and the solu- 
tion reddens litmus. 

The insoluble chromales, such as those of baryta, zinc, lead, 
mercury and silver, are prepared by mixing the soluble salts 
of those bases, with a solution of chromate of potassa. 

Chromate qf lead. PbO+Cr03. 1 63.6. This is the yellow 
chromate, and is extensively used as a pigment. Chromate 
of oxide ofzincy may be used for the same purpose. 

Borates. 
The boracic is a feeble acid, and neutralizes imperfectly ; 
hence the borates, such as soda, potassa and ammonia, have 
an alkaline reaction ; hence also, the more powerful acids 
separate the alkali frOm boracic acid, although at a red heat 
boracic acid, owing to its fixed nature, decomposes every salt 
whose acid is volatile. The borates of the alkalies are soluble 
in water, but most of the other borates are sparingly soluble ; 
they are not decomposed by heat, though remarkable for their 
fusibility. They are distinguished by the following character, 
25* 
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By digesting any borate in an excess of strong snlphuric 
acid, evaporating to dryness, and boiling the residue in strong 
alcohol, the solution will burn with a green jlame. 

Biborate of soefa, 2B03+NaO. 191.1, in crystals with 10 
equiv. of waler= 101.01, commonly called borax^ occurs na- 
tive in certain lakes in Thibet. It is imported from India un* 
der the name o^ tinted^ which after purification constitntes the 
refined borax of commerce. 

Properties. It crystallizes in hexahedral prisms. The 
crystals are efflorescent ; when heated they lose their water 
of crystallization, fuse and form on cooling a crystalline mass 
called ^^55 of borax. 

Borax is much used as a flux for welding iron and steel. 

Boracite is a biborate of magnesia. 

A new biborate of soda has been lately described, better as 
a flux for the use of jewellers than the preceding. 

Carbonates, 

The carbonates are distinguished from all other salts, by 
being decomposed with effervescence, owing to the escape of 
carbonic acid gas, by nearly all acids. 

All the carbonates, except those of potassa, soda and lithia, 
are decomposed by heat ; and all except those of potassa, 
soda and ammonia, are of sparing solubility in pure water ; 
but all are soluble in excess of carbonic acid. Several of 
them occur native. 

Carbonate of potassa^ KOf-CO^. 69.27, is procured by lixi- 
viating the ashes of lan4 plants, and boiling the lye — a pro- 
cess, which is performed on a large scale in Russia, and in 
this country. This is the impure carbonate of commerce, 
known by the names potash and pearlash, and is of great 
utility in the arts, especially in the manufacture of soap and 
glass. As thus prepared, it always contains other compounds, 
such as sulphate o£ potassa, and chloride of potassium. For 
chemical purposes, it is obtained by heating cream of tartar 
to redness, when the acid is decomposed, and a pure carbo- 
nate of potassa mixed with charcoal remains. The charcoal 
is removed by solution in water, and evaporation. 
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Properties. Taste strongly alkaline, and slightly caustic ; 
changes the vegetable purple colors to green ; soluble in less 
than an equal weight of water at 60** ; deliquesces on expo- 
sure to the air ; is insoluble in pure alcohol, and fuses at a full 
red heat, but undergoes no other change. • /' 

Bicarbonate of potassa, KO-j-SCO*. 91 .30, in crystals with oneequiv. 
water=100.39, is made by transmitting^ a current of carbonic acid gas 
through a solution of the carbonate. This salt is milder than the car- 
bonate, into which it is converted by a low red heat. It does not de- 
deliquesce on exposure, and required 4 times its weight of water at 
60* for solution. 

Carbonate of soda, NaO-fCO^. 53.42, in crystals with 10 
equiv. water= 143.42, is obtained from the ashes of sea- weeds, 
in the same manner as carbonate of potassa. The best varie^ 
of the impure salt is the barilla, which consists of the semi- 
fused ash of the salsola soda, a plant cultivated on the Medi- 
terranean shores of Spain. Kelp is another variety, and form- 
ed from the sea-weeds on the northern shores of Scotland. 

Properties, Crystallizes in rhombic prisms, effloresces, and 
dissolves in its water of crystallization when heated, and be- 
comes anhydrous by continued heat ; soluble in about 2 parts 
of cold, and in less than its weight of boiling water. 

Bicarbonate of soda ^ NaO+SCO*, 75.54, in crystals with one eijuiv. 
water=84.54, is formed by the same process as the bicarbonate of 
potassa, and like that salt, is much milder than the carbonate. 

Sesqvi-carbcnate of soda, 2NaO-f-:;CO«. 4 HO. lG4.f)6, is found 
native in Africa on the banks of soda lakes, and is called Trona. 

Carbonate of ammonia, H^N+CO^. 39.27, is obtained by 
mixing dry carbonic acid over mercury, with twice its vol. of 
ammoniacal gas ; it is a dry, white powder, and has an alka- 
line re -action ; its odor is pungent, resembling ammonia. 

Bicarbonate of ammonia, H3N.2HO+2C02. 79.39, is ob- 
tained by transmitting a current of carbonic acid gas, through 
a solution of carbonate of ammonia, and evaporating the 
solution by gentle heat ; it is deposited in right rhombic prisms, 
inodorous and nearly tasteless. 

Sesqui'carbonate of ammonia, 2H3N.2H02+3COa. 1 18.66, 
is prepared by heating one part of hydrochlorate of ammonia, 
mixed with one and a half of carbonate of lime carefully 
dried 

The chloride of calcium remains in the retort, and this salt 
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is sublimed ; it is hard, compact, translucent, of a crystalline 
texture, and ammoniac^l odor. 

Carbonate of baryta^ BaO+CO^. 98.82, occurs native in 
the mineral Witherite; it may be prepared by mixing a solu- 
ble salt of baryta, with any of the alkaline carbonates. 

Properties, This salt is anhydrous, very insoluble, and 
highly poisonous. 

Carbonate of strontia, SrO+COa. 73.92, is known by the 
name of strontianite ; it may be prepared in the same man- 
ner as carbonante of baryta ; it is soluble in excess of car- 
bonic acid. 

Carbonate of lime^ Ca+CO^. 50.62, is a very abundant 
natural production, occurring under a great variety of forms, 
such as lime-stone, marble, chalk, Iceland spar, etc. often in re- 
gular crystals. Carbonic acid and lime have a strong affinity 
for each other, and hence moiist lime, or lime in solution, whco 
exposed to the air, absorbs the acid contained in the atmos- 
phere, and carbonate of lime is formed. It is sparingly solu- 
ble in water, but soluble in excess of carbonic acid ; the crust 
formed on the top of lime water, is carbonate of lime. 

Carbonate of magnesia^ MgO+CO®. 42.82, in crystals 
with 3 eq. water=69.82, is found native in the mineral called 
magnesitey which is nearly pure, anhydrous carbonate of 
magnesia ; it is obtained in minute, transparent, hexagonal 
prisms, when a solution of the bicarbonate evaporates slowly 
in an open vessel ; the crystals lose their water, and become 
opake by a very gentle heat, and even in dry air at 60**. They 
are decomposed by water. 

A carbonate of magnesia^ consisting of four equiv. of 
water, three of acid, and four of magnesia, falls as a white 
powder when caibonatc of potassa is added to a hot solution 
of sulphate of magnesia ; this salt is very insoluble, re- 
quiring 9000 parts of hot water for solution. 

Carbonate of protoxide of iron^ FeO+CO^. 58. 12, is a very 
abundant, natural production, occurring either in masses, or 
in rhombohedrons. It exists also in most of the chalybeate 
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miDeral waters. It may be formed by mixing an alkaline car- 
bonate with sulphate of protoxide of iron. It acts as a tonic 
upon the animal system. 

Dicarbonate of protoxide of copper^ 2CuO-[-C02. 101.32, 
is found native as a hydrate, in the mineral called malachite, 
of a beautiful green color. 

It may be obtained by precipitation from a hot solution of 
sulphate of protoxide of copper, by carbonate of soda or po- 
tassa ; this is the mineral green of painters. 

When the hydrate is boiled for a long time in water, it 
loses both carbonic acid and combined water,^and the color 
changes to a brown. 

The blue copper ore and the blue pigment called verditer, 
have a similar composition. 

Carbonate of protoxide of lead, PbO+CO^. 133.72, is the 

white lead of painters. It. occurs native in white prismatic 

crystals. As an article of commerce, it is prepared from the 

sub-acetate by a current of carbonic acid ; also by exposing 

metallic lead in minute division to air and moisture, or by the 

action of the vapor of vinegar on thin sheets of lead. 

Dicarbonate of peroxide of mercury , 2IIgO'4-CO'. 458 12. When 
a solution of the nitrate of peroxide of mercury, is decomposed by 
carbonate of soda, this salt falls as an ochre-yellow precipitate. 

Double Carbonates. 

The most remarkable of these salts, is the double carbon- 
ate of lime and magnesia, MgO.CO^+CaO.CO^. 93.44, form- 
ing the minerals called dolomite^ bitter spar^ and pearl spar. 

The rock called magnesian limestone, is an impure variety 
of dolomite. 

BaritO'Calcite is a double carbonate of baryta and lime, 
CaO.C02+BaO.C02. 149.44. 

Carbonate of soda fused with the carbonate of baryta, 
strontia or lime, in the ratio of their equiv., yields crys- 
talline, definite compounds ; in the same manner also, sul- 
phate of soda heated with the above carbonates, yields dou- 
ble salts which are very similar. 
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Sect. 3. Order. 2. 

Hydro-saUs. 

This order includes those salts the acid or hase of which 
contains hydrogen. The salts formerly called muriates or 
hydrochhrates of metallic oxides, are now generally de- 
scribed as chlorides of those metals, and also the salts of hy 
driodic and other hydracids. The only salts which are in- 
cluded in this order, are formed by the hydracids with am- 
monia and phosphureUed hydrogen. 

HydrocMorate of ammonia, Il^N+HCL. 5a57. This 
is the sal-ammonia of commerce, and was formerly imported 
from Egypt, where it was prepared from the soot of camePs 
dung by sublimation ; but it is now formed by several pro- 
cesses. The most usual is to decompose the sulphate of am- 
monia ** by the chloride of sodium or magnesium. 

It occurs native, in masses and in crystals, in the vicinity of 
volcanoes. It may be produced directly by introducing liquid 
ammonia into one retort, (see fig. 44. p. 104.) and HCL into the 
other, and apply heat. As the two gases pass into the receiver, 
a white cloud appears, which is hydrochlorate of ammonia 
in fine powder. 

Properties, This salt has a pungent, saline taste, and is in- 
soluble in water and in alcohol ; it sublimes at a temperature 
below that of ignition, without fusion or decomposition. 

Uses. Used in the arts for a variety of purposes, in tin- 
ning copper to prevent oxidation, and by dyers. 

When dissolved in nitric acid it forms the o^tia r^ta, which 

is employed for dissolving gold instead of nitro-hydrochloric 

acid. 

HydriodaU of ammonia fWN.Ul. 144.45. 
tijfdrobromate of ammonia, H'N.HBr. 96.55. 
Hydrofluate of ammonia, H^N.HI. 36.b3. 

* This sulphate is obtained by diffesting with gypsam the impare 
carbonate of ammonia, procured from the destructive distillation of 
bones and other animal substances, so as to form an insoluble car- 
bonate of lime, and a soluble sulphate of ammonia. 
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Hydrosulphate of ammonia^ H^N-j-HS. 34.25, is formed 
by heating a mixture of one part of sulphur, two of sal-am- 
mooiac, and two of unslaked lime. It is used as a re-agent 
and for this purpose it is formed by saturating a solution of 
ammonia with hydrosulphuric acid. 

Hydrocyanate of ammonia^ H^N-f-HC^N. 44.54. 

Hydro'sulpko'cyanate of ammonia^ H^N-f-HCyS^. 76.74. 

Tri'fluohorate of ammonia, 3H3N4-BF3. 118.39. 

Difluohorate of ammonia, 2E13N4-BF3. 101.24. 

Fiuoborate of ammonia, H3N+BF3. 84.9. 

Fluociiicate of ammonia, H3N+SiF. 43.33. 

Carbosulpkate of ammonia, H^N-f-CS^. 55.47. 

Salts of phosphuretted hydrogen, 
Phosphuretted hydrogen, resembles ammonia in compo- 
sition and in some of its properties ; it is a feeble alkaline 
base, and combines with some of the hydracids. 

Sect. 4. Ordee 3. 

Sulphur salts. 

The sulphur-salts are double sulphurets, just as the oxy-salts 
are double oxides. 

The sulphur-salts with two metals are so constituted, that 
if the sulphur in each were re-placed by an equivalent quan- 
tity of oxygen, it would form an oxy-salt. 

The close analogy between the two orders of salts appears 
also from the fact, that hydrosulphuric and hydro-sulpho-cy- 
anic acids unite both with ammonia and sulphur bases. 

The principal sulphur bases are the proto-sulphurets of po- 
tassium, sodium, lithium, barium, strontium, calcium, mag- 
nesium and the hydrosulphate of ammonia ; and the sulphur 
acids are the sulphurets of arsenic, antimony, tungsten, mo- 
lybdenum, tellurium, tin and gold, together with hydrosul- 
phuric acid, bisulphuret of carbon and sulphuret of selenium. 
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The sulphur salts are divided into families which contain 
the same sulphur acid ; the generic name of each family is 
formed from the sulphur acid terminated with sulphuret ; thus 
the salts, which contain per-sulphuret of arsenic or hydro- 
sulphuric acid as the sulphur acid, are termed arsenuhstd- 
phurets and hydrosulphurets, and a salt composed of those 
sulphur acids, with sulphuret of potassium, is termed arsenith 
sulphurei, and hydrosulphuret of sulphuret of potassium, or 
simply hydrosulphuret of potassium. 

1. Hydrosulphurets, 

The salts of this family have hydrosulphuric acid for their 
electro-negative ingredient ; most of them are soluble in 
water, decomposed by exposure to the air and by acids. 

Hydrosulphuret of potassium^ KS-|-HS. 72.35. 

The anhydrous salt may be obtained by heating to low 
redness, anhydrous carbonate of potassa in a tubulated re- 
tort, through which a current of hydrosulphuric acid is trans- 
mitted. 

Hydrosulphuret of sodium^ NaS-|-HS. 66.5. 

Hydrosulphuret of lithium, LS+HS. 43.2. 

Hydrosulphuret of barium^ BaS-f-HS. 101.9, is formed 
by the action of hydrosulphuric acid on a solution of baryta, 
excluded from the air. It crystallizes in four-sided prisms, and 
is very soluble. 

Hydrosulphuret of strontia^ SrS-f-HS. eq. 77. 
of calcium, CaS+HS. eq. 53.7. 
" of magnesia, MgS+HS. eq. 45.9. 

2. HydrO'Sulpho-cyanurets. 

The acid of these salts is the hydro-sulpho-cyanuric acid. 

Hydro-sulpho'cyanuret of potassium, KS-f-HCyS^. 114.84, 
is a white, crystalline solid, soluble in water and in alcohol. 

Hydro-sulpho-cyanuret of hydrosulphate of ammonia, ( H^ 
N4-flS)+HCyS9. 93.84. 

3. Carbo-sulphurets. 
The acid of this family is the bisulphuret of carbon. 
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Carhihsulffhuret of potassium, KS-j-CS^* 93.57, is prepa- 
red by agitating bisulphuret of carboa with a strong alcoholic 
solution of proto-sulphuret of potassium. The liquid, when 
set at rest, separates into three layers, the lowest of which is 
the carbo-sulphuret of potassium. On evaporation, a deli- 
quescent, yellow, crystalline salt is deposited, sparingly solu- 
ble in alcohol. 

The carbo-sulphuret of sodium, NaS-j-CS^. 77,72, and the 
carbo-sulphuret of lithium^ LS+CS^. 64.42, are similar to 
the preceding. 

Carbo-sulphuret qf the hydrosulphate of ammonia^ H^N. 
HS-f-CS2. 72.57, is a very volatile salt, and must be kept 
in bottles tightly corked. Exposed to the air, it absorbs wa- 
ter and becomes red.* 

4. Arsenio- sulphur ets. 

Each of the three sulphurets of arsenic, is capable of act- 
ing as a sulphur acid ; giving rise to three distinct families of 
sulphur salts, arsenio^proto-sulphurets^ arsenio-sesqui-sulphu- 
rets, and arsenio-per sulphurets. The persulphuret of arsenic, is 
the most powerful of these acids. The arsenio-persulphurets 
of the alkalies and alkaline earths, are very soluble in water, 
have a lemon-yellow color when anhydrous, but colorless 
when combined with water of crystallization, or in solution ; 
but those of the second class of metals, are generally insoluble. 

5. Molybdo'Sulphurets, 

The acid in this family is the tersulphuret of molybdenum. 
The most remarkable of these salts is molybdo-sulphuret of 
potassium, KS-f-MoS^. 151.25, which is formed by decom- 
posing a solution of molybdate of potassa with hydro-sulphuric 
acid ; on evaporation, beautiful crystals with 4 and 8 sides 
are deposited. Berzelius describes this compound as the 
most beautiful which chemistry can produce. The crystals 
by transmitted light, are ruby-red, and their surfaces while 

* The carbo-sulphuret of bariunif BaS-f-CS*. 123.12 ; the carbo-sulphu- 
ret of strontium y SrS-j-CS*. 98.22 ; and tke carbo-sulphuret of calcium, 
CaS-|-CS*, 74.92, may be obtained by acting on bisnf pharet of carbon 
with a solution of the proto-sulphurets of these metals. The solutions 
are orange or brown, and the crystals, when dry, are of a citron- 
yellow color. Carbo-sulphuret of magnesium, MgS-j-CS'. 67.12. 

26 
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moist, and also the soltitioD iMeh jieMs them, shine like the 
wingi of certain insects, with a metatlio Hntre, ofn, nch green 
tint. 

6. Antimonuhstdphureis. 

The acid of this family is the sesqai-salphoret of antimony, 
and the only salt examined is the aniimanio-sulphtret of 
potassium, which may he formed by mixing two parts of car- 
bonate of potassa, four of sesqui-sulphuret of antimony, and 
one of sulphur, and fusing the mixture. 

7. Tungsto-sulphurets* 

The best known of this family is potassium. When a so* 
lution of tungstate of potassa is decomposed by hydro-sul- 
phuric acid, and the solution evaporates anhydrous, quadrilate- 
ral, flat prisms are deposited of a pale-red color, which is the 
tungsto-sulphuret of potassium. This salt unites with tung- 
state of potossa as a double salt. 



Sect. 5. Order 4. 

Haloid Saks. 
This order includes substances composed like the preced- 
ing salts of bi-elementary compounds, one or both of which, 
are analogous to sea-salt in composition. The haloid adds 
belong generally to the electro-negative, and the ^aiitnci6a5es 
to the electro- positive metals. 

The following, are the principal groups, or families. 

1. Hydrargo-chlorides, The haloid acid is the bichloride of 
mercury ; they are obtained by mixing their ingredients in the 
ratio of combination, and setting aside the solution to crystal- 
lize. 

2. Auro^klorides, The acid in this family is the ter-chk>* 
ride of gold ; they are prepared like the preceding ; most of 
them have an orange, or a yellow color. 

3. P latino-chlorides. The haloid acids in this &mily, are 
the protO'chloride and bichiorode of platinum. 

4. Pcdladio'chlorides^ are salts in which the chlorides of 
palladium act as haloid acids, combining with many of the 
metallic chlorides. 
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5. Khodi<hckiorid€Sf are iMrmed by the action of seaqui- 
chloride of rhodium on the chlorides of potasaluai and sodium. 

6. The chlorides of irridium and osmiumi are the haloid 
acids of the irridio^chlorides^ and the osmio^chlorides, 

7. Oxy-chlorides. This family embraces a large number of 
compounds in which a metallic oxide is united with a chloride 
generally of the same metal, but often of other metala. These 
salts are commonly termed submuriaUsy on the supposition 
that they consist of hydro-chloric acid, combined with two or 
more equiv. of an oxide. 

Oxy-chlorides of iron. When the crystallized proto-chloride of 
iron is stronffly heated in cloae yessels, a deep green oxy-chloride, in 
scaly crystals is formed. 

Cfxy-chloride of copper j constitutes the paint called Brunswick- 
green j and is prepared by exposing metallic copper to hydro-chlorijB 
acid. This is the compound formed by the action of sea-water on I'hh 
copper of vessels. 

Ozy-chUride of iead^ may be fbrnoed by adding pure ammonia to f 
hot solution of chloride of lead ; another oxy-chloride, the pigment 
called patent yellow^ is prepared by the action of moist sea-salt on 
litharge. 

Chlorides with ammonia. The perchlorides of tin and 
some other metals absorb ammonia at common temperatures, 
and most of the other chlorides absorb it when gently heated ; 
but most of these compounds lose their ammonia, on expo- 
sure to the air, and nearly all, by heat. 

Chlorides with Phosphuretted Hydrogen. 
These are very similar to those with ammonia. 

Double Iodides. 

These compounds have not yet been closely studied, but 
the iodides probably form with each other an extensive family 
of salts. . 

The most important are the 

FlaUn^MnMide of potassium^ prepared by digesting an exeeefs of 
biniodide of platinum, in a concentrated solution of iodide of potas- 
sium, and the pfatino-Hniodide of hydrogen, which is prepared by 
aeiwg on binMtde of platiiiiun with a i^p&, dUuite solutioo of Jlydri- 
odic acid. 
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Oxy-iodides, The best known of this family are those 
formecl by the oxide and iodide of lead. 
The double bromides have not yet been studied. 

Dotdffe Fbtorides. 

There are several extensive families of these salts, in 
which the fluorides of boron, silicon, titanium, and other 
electro-negative metals are the acids, and the fluorides of the 
electro-positive metals are the bases. 

Double Cyanurets and Ferro^yamLrets. 

The double cyanurets constitute a large and important fam- 
ily of salts, of which the principal are the ferro-cyanurets, 
fehx>-seiqui-cyanurets, zinco-cyanurets, cobalto-cyanurets, 
nicco-cyanurets, and cupro-cyanurets, in which the proto- 
cyanuret of iron, sesqui-cyapuret of iron, cyanuret of zinc» 
cobalt, nickel, and copper are the electro-negative cyanurets^ 
(See Turner's Elements, p. 487.) 



CHAPTER VI. 
NATURAL SUBSTANCES. 

Organic Chemistby. 

Organic chemistry treats of those substances which are 
of animal or vegetable origin, and which are therefore called 
organic. These substances difler from inorganic substances, 
in being composed of the same elements, oxygen, carbon 
and hydrogen, often with the addition of nitrogen, which is 
most abundant in fungous plants, and animal substances. On 
the other hand, inorganic compounds are oomposed of very 
difierent elements ; a few other constituents, as iron, silica, 
potassa, sulphur, phosphorus, eta, are sometimes detected in 
small quantity in organic substances, but can rarely be re< 
garded as essential constituents* These compounds difier 
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chiefly in the proportions o€ their constituents; hence many 
of them are easily convertible into each other. 

A second charocterisUc of organic substances is the facility 
with which they may be decomposed, and especially in being 
without exception^ decomposed by a red beat, and oAen hf a 
lower temperature ; if heated in the open air, they are.con* 
verted chiefly into water, and carbonic acid. 

With a few exceptions, organic substances cannot be formed 
artificially by the direct union of their elements ; they are 
obtained only as already exbting in organic bodies, or by 
the conversion of one into another, as of sugar into alcoliot. 

Many organic acids and alkalies combine with inorganic 
alkalies or acids, and form compounds, which although not 
entirely of animal or vegetable origin, are usually described 
in connection with their organic constituents. 

Vegetable Chemistry. 

Most vegetable substances consist of hydrogen and carbon, 
usually with oxygen ; in fungous plants, and in some others, 
nitrogen is also present. 

Proximaie principles^ All compounds, which exist in 
plants ready formed without artificial processes, as gum, 
sugar, starch, etc., are called proximate principles ; the pro- 
cesses by which they are separated, constitute proximate 
analysis. 

Ultimate analysis consists in the reduction of organic 
compounds into their elements. This was formerly done by 
destructive distillatum ; the substance was put into a close 
vessel and decomposed by a high temperature ; the products 
were collected and examined. The process is now gen^rf 
ally conducted by means of the oxide of copper, which easi- 
ly parts with its oxygen to the carbon and hydrogen of the 
aubstance, forming carbonic acid with the forrner, and water 
with the latter. These new ccunpounds are collected, and 
from their weight may be known the weight of the carboy 
26* 
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^d of di0 hydrogen^ The loss of mygeii m the oside of 
copper ia also noted, and eomparod with the quantity in the 
earboaio acid and water^ The ezcefls of the latter over the 
fomner, is the amount derired firom the sohstante' under ea^ 
emioatioo, and if there be no eneh excess, it is inferred tet 
^re was none in the substance. 

Sect. 1. Vegetable Acids. 

Vegetable acids ar^, for the most part, lessliabU to /ipon*- 
taneoQs decoinposition than other organic 8ubstaxices,i4tbQugh 
none of them can exist at the temperature of a. r^d heat ; 
they all contain carbon and oxygen, and most of them hydro- 
gen also ; generally, they hav^ more oxygen than would 
be sufficient to form water by combination with the hydro*- 
gen 5 but a few have these elements in the same ratio as in 
water, while in benzoic acid the hydrogen is in excess. 

Ozalic acid.C^O^. 36, T. 2C0+0. 36.24, L. was discovered 
by Sctieele in 1776, and is found in several plants, among 
which is common sorrel, the sour taste of which is caused by 
the presence of oxalic acid ; it is obtained tdso 'by the action 
o£ nitric acid on sugar. Many other orgoni^ s^bstanc^ as 
starch, gum, most of ibe other vegetable acids also, wool, 
siik, etc., are converted into oxalic acid by the action of ni- 
tric acid; it contains more oxygen than any other organic 
substance. 

Properties. Oxalic acid is sold in small slender crystals, 
and much resembles Epsom salts^ for which h is sometimes 
mistaken with fatal consequences. But although a powerful 
poison, it may be tasted without danger, when its strong acid- 
ity will easily distinguish it ; if taken by accident, powdered 
chalk in water or magnesia should be lid ministered. 

Oxalates of potassa. There are three 'of these com- 
pounds, one of which, the binoxalate^ HO.C^O^, KO.OH>*-|- 
12Aq. 155.63, is oAen sold under the nan^ of essential saU 
9f lemons^ for removing the stains <tf irbn-rust from linen ; 
la sokrtion of oxaUc add wiH answer theisame jnikrposei 
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Oxalate of Hme, CaO.C30P4-2Aq.^82.74, exists in aev0f»l 
species of lichen, and when recently precipitated, is a snow- 
white flaculent powder. 

Ascetic acidy C^H^O^. 51.48. This acid exists in the sap of 
mai^ plants, and is generated in large quantities,. in the de- 
structive distillation of vegetable substances and in the ace- 
tous fermentation ; it is the acid of common vine&^r. Pyrg- 
ligneous acid consists of acetic acid mixed with tar and a 
volatile oil, and is made by the distillation of wood. The 
concentrated acid is very strong and volatile, with a refresh- 
iog odor; its vapor is inflammable. Numerous salts ate 
formed by this acid. 

Acetate of lead^ 1 eq. acid, 1 protox-lead, 3 water. This 
substance commonly known under the name of si^or ofleadt 
is prepared by dissolving either the carbonate of lead (white 
lead,) or litharge, in distilled vinegar. Like most of the com- 
pounds of )ead, it is highly poisonous. 

Acetates of copper. Of these there are three or four. 
Verdigris is a variable mixture of them, and is prepared in 
France by covermg copper with the refuse of grapes, after 
the juice has been extracted. In England a better article is 
prepared by covering copper plates with cloth soaked in py- 
roligneous acid. 

Acetate of alumina is extensively employed by ci^licp 
printers as a mordant for fixing colors Acetate of irou is 
also used for the same purpose; acetate of ammonia lias 
long been used in medicine. 

MaUc acid^ C^H^Q*. 60. This acid is contained in grapoi^, 
currants, gooseberries, oranges, apples, and in roost of the 
acidulous fruits. It is also obtained by the action of nitric 
acid on ^ of its weight of sugar ; it forms salts with metallic 
oxides called malates. 

Gtric acid, C^HSQ*. 60. This acid is also found in maity 
acidulous fruits, especially in limes and lemons, from which 
it is usually obtained. It has an agreeable flavor, and is an ex- 
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cellent substitute for lemoias ; it is used m the prepamtioci of 
lemon syrup, in which, however, tartaric acid is largely em- 
ployed, being much less expensive, but of very mferior flavor. 
Citric and malic acids are isomeric. 

Tartaric add, OH^O^. 66.24. This acid also exists in 
acidulous fruits, usually in combination with lime or potassa. 
Tartaric acid is used with the bicarbonate of soda for an effer- 
vescing drink ; it forms numerous salts, many of which are 
double. 

Bitartrait of potassa. In an impure form, thisis known 
by the name of crude-Tartar^ and is found incrusted on the 
sides of wine casks, colored by the wine ; when purified, it is 
white, and is knbwn by the name of cream of tartar. It is 
used for the preparation of tartaric acid, and as a medicine. 

Tartrate of antimony and potassa. This compound is 
sold under the name of ^aHar emetic^ and is prepared by boil- 
ing sesqui-oxide of antimony with cream of tartar. It is neu- 
tralized by vegetable astringents, as tea, or Peruvian bark, 
which may therefore be used as an antidote, in case of taking 
a too powerful dose. 

Tannic acid, or Tannin, O^WO^^. 212. This substance 
exists in gall-nuts, (the excrescences of several species of the 
oak,) in the bark of most trees, in tea, and in most vegetable 
astringents, and is the cause of their astringency. With gela- 
tin, or glue, it forms an insoluble compound, which is the ba- 
sis of leather. Hence leather is prepared by soaking skins in 
water, which contains ground bark, the tannic acid of which, 
is taken in solution by the water. When exposed to the oxy- 
gen of the air, it is gradually converted into gallic acid. 

GaXKc acid, C^^H^O*. 85. This acid also exists in gall- 
nuts and in the bark of trees, but is more abundantly obtained 
by the oxidation of the tannic acid of gall-nuts. Cominoti 
ink 6wes its color to the compounds of tannic and gallic acids 
with the sesqui-oxide of iron, and may be extemporaneously 
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prepared by adding to an infusion of gall-nuts, a solution of 
copperas, which has been exposed to the air. 

Some of the most important of the remaining vegetable acidst 
are the following : 

Meaitic acid, OCP. 24.484-24=348.48, is contained in the 
rare substance called honey-sione, 

Croconic acid, C^O*. 90.6-|-32=62.6. 

Lactic acid, CSHH)*. 36.72+5-1-40=81.72, so called, 
from being first noticed in sour milk, and was discovered by 
Scheele in 1780. 

Kinic acid, C^m^K)^\ 91.8+10+80=181.8, exists in 
cinchona bark in combination with lime, quinia and cinchonia* 

Pyro-cilHc acid, CWRaOS. 61.2+2+24=87.2. 

Raceme acid, ORKfi. 24.48+2 +^M)=66.48, is aMocia- 
ted with tartaric acid in the juice of the grape. 

Benzoic acid, Ci^H^Os. 85.68+5+24=114.68, exists in 
gum benzoin from which it is commonly extracted, in the bal- 
sams of Peru, and in several other vegetable substances, in the 
urine of the cow and other herbaceous animals. 

Meconic acid, C^WO^ 42.84+2+56=100.84, is found in 
the poppy, in combination with morphia. 

Metameconic acid,0^m'^0^^. 73.44+4+80=157.44, isob- 
tained from the meconic by boiling its aqueous solution. 

Pyro-gdUit acid, (y^H^. 36.72+3+24=63.72, is ob- 
tained by heating gallic acid to 419^. 

Meta-gallic acid,Q^^nK^, 73.44+3+24=100.44, is form- 
ed by heating gallic acid to 480®. 

EUagic acid, C^liaO*. 42.84+2+32=76.84, is very sim- 
ilar to the preceding. 

Succinic acid, OWOP. 24.48+2+24=50.48, exists in 
amber and is obtained by the aid of heat. 

Mucicacid,(y}lK)ft. 36.72+5+64=105.72. 

Camphoric acid, C^W^Cfi. 122.4+16+40=178.4, is ob- 
tained from camphor by nitric acid« 
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Vaieriamc add, C^mHP. 61.2+9+24=94^, 
the root valerian and is obtaised by disdUatioo. 

Roc^Uc acid, Om^K>*. 97.92+16+32=146^2. 

Morozylic acid is found in combination with lime on th« 
berk of the white molbenry. 

Oily acids, so called because they are obtained ftom oils 
or fat, and enter into the composition of soaps. 

SUaric acid, C^ogeos. 527, is obtained from soap, and is 
a white, tasteless, inodorous substance, insoluble in water, 
and burning like wax. Its salts are termed Siearates. 

Mangaric acid, C^^H'^O. 562, is distinguished from the 
preceding by fusiog at 140^. When distilled with lime, a 
white substance is obtained, called margaront. 

Oleic acid, C^OH^aCT. 539^ jg obtained from the soap made 
from linseed oil and potassa. It bums like the fixed oils aod 
forms salts, or soaps called oleates. 

The axuJmic acid, C^H^N^CH, the indigoHc, C23H7JN1J 
O^^ which is obtaioed by boiling indigo in rather dilute oitiic 
acid, and the earhazotic acids, Ci^NH)^^ 252, also is obtained 
from indigo containing nitrc^en. 

The pectic, C^iiroio, 153; cnnic 108, and apocrenic adds 
have not been fully examined. 

There are ako a numerous class of eompoutid acids. For 
a complete description of the vegetable acids, the student is 
referred to Thompson's Chem., Organ. Bodies. 

Cyanogen and its compounds. A numerous class of bodies 
are Jormed by the combination of cyanogen with other sub- 
stances which exist in the vegetable and mineral kingdoms : 
for a description of which, see Webster's Ghem., and also 
Thompsoa's Chem., Organ. Bodies. 

Sect. 2. Vjbobtable AlXiLiES. 

The existence of vegetable alkalies was not known until the 
present century, and very little attention was given to them 
until 1816. They are eighteen or twenty in nimiber ; their 
constitution is remarkable, as they each contain one equiv. of 
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nitrogen in each equiv. of the alkali. The equivalents of oxy- 
gen vary from one to six, of hydrogen from twelve to twenty* 
two, and of carbon from twenty to thirty-four ; all, which 
have been anatyzed, consists of these four elements. In 
vegetable bodies they usually exist in combination with acids, 
forming salts. 

The method of preparation is nearly the same for all of 
these alkalies ; the substance which contains one of them, is 
steeped in a large quantity of water which dissolves the salt 
that contains it ; the solution is boiled for a short time with 
lime or magnesia, and the vegetable alkali is set free in an 
insoluble state, and may be collected on a filter with the lime ; 
if then boiled in alcohol with powdered charcoal, it is dis- 
solved by the former, and purified by the laitter; then by 
filtering while hot, it is separated from the charcoal and the 
lime with which it was mixed ; it is deposited from the alco- 
hol on cooling, by evaporation. 

Morphia, C34Hi8NJ06=284. This alkali is the narcotic 
principle of opium, in which it is combined with sulphurb 
and meconic acids, and is associated with several other vege- 
table alkalies, and with gummy, resinous and coloring mat- 
ters ; opium contains about nine and a half per cent, of mor- 
phia ; when pure, it is very insoluble in water and conse- 
quently but Jittle poisonous ; but when in the state of a salt 
as in opium, it is a very powerful poison ; one half a grain in 
solution will produce alarming effects on the animal system ; 
when opium has been administered as a poison, the presence 
of its morphia may. be detected by a process too elaborate to 
be inserted here. A skilful chemist will detect a single 
grain of morphia in 700 grains of water ; some of the salts 
of morphia are useful as medicines; of which the hydrO' 
chlorate and acetate are the principal. 

Narcotina, C^ohsonQi 2 =370.24, was discovered by Des- 
rone in 1803, and is obtained from opium ; it is a white sub- 
stance, and may be taken into the human stomach without 
sensible effects, but it is speedily fatal to dogs. 
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anekama, C»Hi«N01i^l68, and qumia, C»HMN0» 
=1G2. These two alkalies were detected by Pelletier and 
Caventou in 1820, in Peruvian bark, and impart to it its value 
as a medicine. Cinchonia is found in the pale bark ; guinia 
with a little cinchonia in the yellow bark, and both in the 
red bark. Cinchonia is insoluble in cold water, and nearly 
so in hot water ; in boiling alcohol it is freely dissolved, and 
the solution has an intensely bitter taste ; some of its salts are 
soluble in water. 

Quinia or quinine is also almost insoluble in water, but 
with alcohol forms an intensely bitter solution. 

Quinia forms several salts, one of which, the sulphate, is 
manufactured in large quantity for medical purposes, and is 
commonly sold by the name of quinine. It is soluble in al- 
cohol, or slightly in pure water, and freely if the water is 
slightly acidulated by sulphuric acid ; the solution, ahhough 
containing but a minute portion of quinia, is intensely bitter. 

On account of its high value, sulphate of quinia is often 
adulterated with gum, starch, sugar, magnesia and various 
other substances ; gum and starch are insoluble in alcohol, 
and may be detected by dissolving the suspected quinia in 
boiling alcohol. Sugar may be detected by adding pearlash 
to the solution in water, when the qtiinia will be thrown down 
and the sweet taste may be perceived ; magnesia will be lef\ 
after burning a portion of the adulterated article. 

Strychnia, C»>Hi6N03=237.75, was discoyered in 1818, 
by Pelletier and Caventou. This remarkable alkali is found 
in the nux vomica and in the upas tree. It is freely soluble 
in alcohol, and but slightly so in water ; although nearly in- 
soluble in the latter, the minute portion which is taken up, 
communicates to the water the most intense bitterness ; a sin- 
gle grain of strychnia will render eight gallons of water bit- 
ter. It is one of the most virulent poisons yet discovered ; 
half a grain in the throat of a rabbit occasioned death in five 
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minotes. Its actioD is always accompanied by symptoms of 
lockedjaw, 

Emetia. This alkali constitutes 16 per cent, of ipecacu' 
anhay and appears to be the sole cause of its emetic proper- 
ties. 

Sanguinaria is a peculiar alkali, discovered by Mr. Dana 
in the blood rootj (Sanguinaria Canadensis.) Its salts have a 
red color. 

Nicotina is the peculiar principle of tobacco ; it is a viru- 
lent poison. 

Sect. 3. Neittbal Substances. 

Sugar, C»«H>»Oio= 162.24. Sugar is found in most ripe 
fruits, but more abundantly in the sap of the maple tree, in 
the sugar-beet, and in the sugar-cane ; from the latter it is 
obtained by evaporating the juice by a moderate ebullition, 
until the syrup is sufficiently thick to crystallize on cooling. 
During this operation, lime water is added to neutralize the 
acid present, and to remove impurities which rise with the 
lime in a scum to the surface ; it is next drawn off into shal- 
low coolers, in which it becomes a soft solid. Lastly, it is 
put into barrels with holes in the bottom, through which 
the molasses gradually runs out, leaving raw or brown sugar. 
Raw sugar is purified by boiling it with the white of eggs or 
bullock^s blood, and lime water ; it is then received into con- 
ical vessels, and in cooling assumes the form of loaf sugar. 

When two pieces of loaf sugar are rubbed together in the 
dark, phosphorescence is observed ; it is obtained in large 
crystals by fixing threads in a syrup, which evaporates grad- 
ually in a warm room ; in this state it is caHed rock^candy. 
Sugar does not deliquesce when exposed to the air, except 
when impure, as raw sugar. It is soluble in an equal weight 
of cold water, and is much more soluble in warm water ; it 
is soluble in four times its weight of boiling alcohol, from 
which solution fine crystals are obtamed. The vegetable 
27 
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acids dtminish the tendency of sugar to orystall^, as io mo* 
lasses. 

By tbe action of sulphuric acid, sfiarcb, and common wood 
may be converted into sugar. 

Sugar of grapes^ Q^^WKH^^^ contains rather less carbon 
than common sugar, and is rather less sweet. 

Honey consists of two kinds of sugar, one of which when 
separated crystallizes, and the other is uncrystallizalrie. Bed- 
sides sugar, it contains gum and probably an actd ; when di- 
luted with water, honey undergoes the vinous fermentation* 
Common sugar requires the addition of yeast for this change. 

Manna is the concrete juice of several species of ash, and 
owes its sweetness, not to sugar, but to a distinct principle 
called manmte. 

Liquorice owes its sweetness to a saccharine, principle 
which is quite distinct from sugar* 

JSteureh. Starch exists abundantly in the vegetable king- 
dom. It is the principal constituent of most kinds of grain, 
potatoes, and other farinaceous substances. It is obtained 
from potatoes l^ washing them in cold water, when the gl u- 
ten, which is the other principal constituent, remains in the 
hand, and the starch is mechanically diffused through the water. 
The water is then allowed to stand, and the starch subsides, 
while the saccharine and mucilaginous matters remain in so- 
lution. When made from the dough of wheat flour, the water 
containing the soluble and insoluble parts of the flour is al- 
lowed to ferment ; acetic acid is thus formed, which dissolves 
the gluten, and facilitates the separation of the starch. 

Starch is easily converted into sugar. In the germination 
of seeds, and in the malting of barley or other grain, this 
change takes place. If starch is boiled for a considerable 
time in water, which contains ^ its weight of sulphuric acid, 
it is converted into a kind of sugar like that obtained from 
grapes. 

Arram root^ prepared from the root of a plants is a* very 
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pure sUurcii. Sago^ prepared from the pith of aa East India 
palm-tree, and tapioca and cassava from the root of a plant, 
are essentially the same^ 

Gluten, Gluten exists with starch in most kinds oi gnm^ 
which are chiefly composed of two principles. It is obtained 
from wheat flour by washing out the starch and soluble mat- 
ter, and boiling the remainder in alcohol. On adding water 
and distilling of the spirit, it is deposited. It is lYithout tastes 
very tenacious, elastic and insokible in water. When kept 
warm and moist, it ferments. The tenacity of common 
paste is owing to the gluten which it contains. The rising of 
bread is caused by the fermentation of gluten, the tenacity of 
which retains the bubbles of carbonic acid gas formed in fer- 
mentation. Gluten has been resolved into four distinct prin- 
ciples, viz. : vegetable albumen, emulsin, mucin and glutin ; 
these substances are obtained by the action of alcohol upon 
the gluten of wheat. 

Gum. Under tbia name are included all those vegetable 
principles, which form, when dissolved in water, an adhesive, 
viscid liquid, called mucilage^ and which yield an acid called 
mucic acid, when boiled with four times their weight of nitric 
acid. Gum is insoluble in ether and alcohol, and is precipi- 
tated by them from its aqueous solution, as an opaque, white 
substance ; but with acids and alkalies it is more soluble than 
in pure water. 

Gum Arabic is the most common variety of gum ;"it is ob- 
tained from several species of acacia or minerosa in Africa 
and Arabia. Grum Senegal differs in no important respect 
from gum Arabic. The gum of the peach, plum and cherry- 
tree, although identical in composition with gum Arabic, dif- 
fer in being insoluble in cold water ; after being boiled, how- 
ever, it assumes the characters of that gum. Gum tragacanth 
differs from gum Arabic in containing a large portion of 
bassoric, starch and water ; it is tougher than common gum, 
which is quite brittle. Gum tragacanth b therefore a very 
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useful mgredient in paste. The jelly of frahs is distkict from 
gum in some properties, but is nearly allied. 

lAgnin, Lignin or the woody fibro Goostitutes the fibrous 
structture of plants, and is the most abundant principle in 
them. The common kinds of wood contain about 96 per cent 
of lignin. It is insoluble in alcohol or water. With strong al- 
kalies or acids it is changed. With sulphuric acid it is changed 
into gum, and on boiling is further changed into a sugar, like 
sugar of grapes. Straw, bark and Hnen, in the same way 
may be conrerted into sugar. 

Sect. 4. Oils. 

These substances are d ivided mXoJized and volaiile otZs. The 
former are not much affected by a heat which does not de- 
compose them, while the latter rapidly pass away in vapor* 
The greasy stain of the former on paper or any other surface 
is permanent, that of the latter soon disappears. 

Fixed oils. The vegetable fixed oils are usually obtained 
from seeds, as the almond, linseed, and poppy seed. Olive 
oily however, is extracted from the pulp around the stone. 
The density of these oils is less than water, varying from .9 
to .96. They are solid at a low temperature. They bum with a 
clear, white light By exposure to the air they become ran- 
cid, and at length viscid. In this change oxygen is absorbed, 
and the oil itself probably undergoes some change, although 
it has been supposed, that rancidity was caused by the acidi- 
fication of some mucilage present By heating the oil in open 
vessels, it acquires the properly of drying rapidly, in which 
process much oxygen is absorbed, and carbonic acid and hy- 
drogen given off. Drying oils are used for paint, and when 
mixed with lamp-black constitute printers^ ink. Drying oils 
sometimes absorb oxygen so rapidly as to set ^re to combus- 
tibles. Spontaneous combustion often occurs where cotton has 
been moistened with them. 
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By means of mucilage or su^r, the fixed oils may be per- 
manently suspended in water. Such a mixture is called an 
emulsion* With ammonia they form a soapy liquid called vol- 
atih linimenU which is a direct compound of oil and the al- 
kali The fixed alkalies have a similar action in the cold, but 
when heated, soap is generated. A further notice of soaps 
will be found under anfmal chemistry. 

The fixed oils consist of two proximate principles, one of 
which called mafgarinet is solid at common temperatures, 
while the other is fiuid, and is called oleine.* 

These oils consist of carbon, hydrogen and oxygen. 

The principal fixed oils are the following : 

Olive oily which is expressed from the pericarpum of the 
fruit of the common olive (olea Europea). By the action 
of hyponitrous acid, the solid substance called ekddin is 
formed. It contains an acid called tlaidic, which combines 
with alkalies and forms soaps ; it is used as an article of 
luxury. 

Croton oil is obtained from the croion tiglium of the East 
Indies, and possesses powelrful purgative properties. 

Pcdm oil has the consistency of lard, and is used in the 
manufacture of yellow soap. 

Cocoa-nui oil is a white, hard substance, used as a substi- 
tute for tallow.t 

Volatile, or Essential Oils* 
The flavor of aromatic plants is owing to the presence of. 
volatile oils, which are obtained by distillation. Water must be 
added to the plants to keep them from burning. Some how- 
ever are obtained by expressing the rinds of certain fruits, 
such as the orange, lemon^ bergamot. Although usually of an 

• From $Xaiov^ oil. 

t The various kinds of wax, such as heeswax, myrOe todx and 
etfao-lree toax, are regarded as similar in compoMtion with the fi:ie4 
oils, and are classed by some chemists with them. 

27* 
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agreeable odor, those oils have an unpleasant acrid taste ; but 
when diluted, some of them hare an agreeable taste. They 
are but slightly soluble in water, and are freely dissolyed in 
alcohol. Such solutions are commonly sold under the name 
of essences. Like the fixed oils, they burn with a clear, white 
light They have the property of dissolving sulphur, and the 
solution is called balsam of sulphur, 

A few of these oils, as the oil of turpentine, of lemons, and 
of copaiva, contain only carbon and hydrogen; others con- 
tain oxygen also. A few contain one or more additional ele- 
ments, as sulphur and nitrogen. 

The principal volatile oils are oil of turpentine, lemons, anise, ja- 
niper, chamomile, carrawaj, lavender, peppermint, rosemary, eam- 
pbor, cinnamon, cloves, sassafras, mustard and bitter almonds. 

Common spirits of turpentine consists of re^n dissolved in 
the oil of turpentine, which last may be obtained by distilla- 
tion. 

Camphgr is a volatile oil, solid at common temperatures. 
On account of its toughness it is pulvert^d with difficulty, 
unless a few drops of alcohol be added. It is insoluble in 
water, but is freely soluble in alcohol. Artifciai camphor 
may be formed by passing a current of hydrochloric acid gas 
through <mI of turpentine or oil of lemons. Camphor is very 
offensive to insects, which are prevented from devouring cab- 
inets of natural history, collections of birds, injects, etc. by 
placing pieces of camphor in the cases. 
. Resins, Resins are the concrete juices of plants, solid, 
brittle and without taste ; they are good non-conductors of 
electricity, and by friction become negatively electrified ; they 
are easily melted, and bum with a yellow fiame and dense 
smoke. They are soluble in alcohol, ether and the essential 
oils, but are quite insoluble in water. 

The different kinds of resin are numerous. Common resin 
is procured by heatmg turpentine ; the volatile oil isexpelM, 
and resin remains. 
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Terpentine is the juice of several species of pine trees. 
Other resios are copals lac^ mastick, and dragon's bloods 

Copal is the most importaat, and is used for varnish. In- 
dian ink is a solution of borax, lac, and lampblack. 

The uses of resin are various. Dissolved in oil or alcohol, 
and diluted with spirits of turpentine, they form various kinds 
of varnish. Sealing-wax is made of lac, turpentine, and com- 
mon resin. It is colored red with cinnabar or redhead, or 
black with lamp-black. 

The Boot, which is procured from the combustion of resi- 
nous wood, turpentine, or resin, is lamp-black. When turpeo- 
tine is extracted by heat, it is partially changed, and becomes 
tar. When tar is thickened by boiling, it becomes pitch. 

Amber is a fossil substance, consisting of a peculiar bitumi- 
nous matter and resin. It often contains insects. 

Balsams are the juices of some kinds of trees. Some are 
solid, others are liquid. They are composed of resin and benzo* 
ic acid. 

Oum-resins are the hardened juices of certain plants, con- 
sisting of resin, gum, and volatile oil. Their proper solvent 
therefore, is a mixture of alcohol and water, or commpn spirits. 
They are numerous and many of them are valuable medi- 
cines ; among them are ahes, assafcstidaj galbanum, gean- 
hoge, myrrh, and guiacum. 

Caoutchouc, or India-rubber, is obtained from four species 
of trees, two of which grow in South America, and two in 
the East Indies. It is usually black, but when not darkened 
by smoke is of a whitish-color. It burns with a bright flame, 
is insoluble in water or alcohol. It is soluble in ether, thees- 
Bential oils, etc. If a bag of it be soaked in ether, it will be- 
come soft and gelatinous before dissolving, and in that state 
may be blown out into a very large and thin bag. Th^ mow 
useAil solvent of caoutchouc is a dark volatile liquid, obtained 
by the careM distillation of caoutchouc itself; about four- 
fifths of the solid pass over in this liquid form. 



Digitized 



by Google 



330 Vegetable Chemistry. 

Wax. Wax is found in the pollen or dust of flowers, on 
some leares as a kind of Tarnish, and especially on the ber- 
ries of the wax-plant, myrtca cerifera. As bees deposit wax, 
when fed only on sugar, beeswax is an animal product. Wax 
is insoluble in water, and is sparingly dissolved by alcohol and 
ether. It is composed of two principles, cerin and myricin. 

Creosote. This substance exists in tar, and in pyroligne- 
ous acid. It is a colorless, oily liquid, with an odor like smc^ed 
meat It has a burning taste, followed by sweetness. Its most 
remarkable property k that of preserving meat. The anti- 
septic properties of smoke, and crude pyroligneous acid, ap- 
pear to be owing to this substance. It is soluble in 80 parts of 
water, and freely in alcohol. Insects and fish are killed by 
the aqueous solution. It is said to be useful as a cure for 
toothache, ulcers, etc. 

Sect. 5. Spirituous, and Ethereal Substances. 

Akoholj C^H^O-f-HO. 46. This substance is the product 
only of fermentation, and is never found ready formed in any 
vegetable substance. It is obtained by the distillation of ar- 
dent spirits, of which it constitutes 50 per cent. After a 
second distillation it still contains some ^ater, most of which 
may be removed by carbonate of potassa added in a dry state. 
Common alcohol has a specific gravity of about .86, but when 
freed from water, of .82. The purest alcohol boils at a tem- 
perature of 176** Far., is highly inflammable, burning with a 
very pale blue, but hot flame. No smoke is produced in its 
combustion,^ and hence it is of great utility for lamps in a labo- 
ratory, various kinds of apparatus being thus conveniently 
heated, and not soiled with smoke. Although exposed to a 
temperature of-lTe** Far., alcohol has never been frozen. 

Alcohol combines with water in every proportion. With an 
equal quantity of water, it constitutes spirit of the first proof. 
The density^of this b about .92. The density will be in pn^or- 
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tion to the weakness of the spirit. Proof spirit is very aseful 
in cabinets of natural history, for the preservation of speci- 
mens of fishes, reptiles, etc. Its effects upon the animal sys- 
tem as a poison are well known. It has the power of passing 
into the circulation undigested, and irritates all the organs with 
which it comes in contact. The stronger wines contain 18 to 
25 per cent, and the weaker, from 12 to 17 per cent. In 
wines it appears to have less intoxicating power than in ardent 
spirits, which may be owing to its chemical combination with 
mucilaginous and saccharine matters. 

As a solvent, alcohol is useful Many vegetable principles, 
not soluble in water, are freely so in alcohol. Both mineral 
and vegetable alkalies are soluble, but it does not dissolve the 
earths, or otlier metallic oxides. 

Ethers. Most of the stronger acids, when heated with alco- 
hol, yield a very volatile, inikimmable liquid, called ether. 
Diffferent kinds are formed from different acids. 

Sulphuric ether, OH^, is the most common. Ii is pre- 
pared by boiling equal weights of alcohol and sulphuric acid ; 
the vapor of ether passes over, and is condensed in a vessel 
surrounded by ice-cold water. 

The specific gravity of pure ether is .7, as commonly sold 
.74. It boils at the temperature of blood heat. In a vacuum it 
boils at -40° Far. It congeals at -46* Far. It is slightly 
soluble in water, but combines with alcohol in all proportions. 

Hydrochloric ether, C^HK^Jl, is formed by the action of 
hydrochloric acid on alcohol. It bums with an emerald-green 
flame without smoke. 

Nitrous ether J OH*0-|-N05, is produced by the action of 
equal quantities of nitric acid add alcohol, and resembles sul- 
phuric ether, but is more volatile. 

Oxalic ether, C*HK)-+-C»03, is formed by mixing 1 part of 
alcohol, 1 binoxolate of potassa, and 2 of SO^. 

(Enanthic ether, O^WO+Q^^W^Q^, gives to wines their 
peculiar odor, and is obtained in the distillatioa of wine as 
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an otly liquid, which is a mixture of oonanthic ether with ex- 
cess of GBnaiitbic aotd. The ether ks separated hy distillation. 
It produces intoxicatioa when inspired. 

PyroxyHc spirit, C^fFO+HO. ^, is a kind of ether form- 
ed by heating wood, and comes over with the aqueous liquid. 
It has an alcoholic and aromatic odor, and is empk^ed by hat- 
makers for tlie purpose of dissolvbg shell-lac, and mastic to 
atiffiMi, and render hats water-proof.* 

Sect. 6. Coloking Matters. 

The most common colors in the vegetable kingdom are 
green, yellow, blue and red. The greater part of the infinite 
diversity of colors consists of different shades or mixtures of 
these. The coloring matter of plants is usually diffused through 
other proximate principles. All vegetable colors are de- 
stroyed by chlorioe, and usually changed by acids or alkaUes. 

Lakes are insoluble compounds of coloring matter with 
alumina, or oxide of iron or of tin. 

Process. Dissolve alum in a colored solution, and on add* 
ing an alkali, as potassa, alumina will be precipitated, and at 
the moment of separation, from the alum, will combine with 
the coloring matter. 

In dyeing, some colors liave a sufficient affinity for the fibre 
of the cloth to remain £ast on a mere immersion of it In 
many cases, however, this is not sufficient, and the color 
would be removed by washing. A third substapce is intro- 
duced, which, having an affinity both for the cdoring matter 
and the cloth, fixes the former permanently to the latter ; 
this third substance is called the mordant or basis ; those 
which are in common use are alumina in alum, oxide of iron 
in copperas, and chloride of tin, which is converted into the 
oxide. All the colors of dyed stuffs are produced from the 
four, bUio, red, yelk)w and black. 

* For a complete description of ethers, see Thompson, Org, Bodies. 
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Blue dyes, \nd\go is the most important of these, and is 
obtained from several species of a genus of plants which are 
cultivated in America and Asia. The plants are fermented 
and beaten in water, at the bottom of which the indigo sub- 
sides. Common indigo contains in addition to its peculiar blue, 
a red and a brown coloring matter, with some gluten. Pure 
indigo sublimes at 550° Far. and condenses in acicular crys- 
tals. It is insoluble in water, and but slightly soluble in boil- 
ing alcohol ; it is soluble in sulphuric acid. If indigo be put 
into a tub with three times its weight of green vitriol, and an 
equal quantity of slaked lime with water, the protoxide of iron 
will be precipitated by the lime from the green vitriol, and 
the indigo will be de-oxidized by it and become yellow. Dyers 
dip their cotton cloth into it in this condition, and by expos- 
ure to air the cloth becomes permanently blue. 

Red dyes. The most common substances for red dyes 
are cochineal, lac, archil, madder, Brazil wood and logwood. 

Cochineal is obtained from an insect which feeds upon the 
leaves of several species of the cactus^ and which is sup- 
posed to derive this coloring matter from its food* It is very 
soluble in water, and is fixed on cloth by means of alumina 
or oxide of tin. Its natural color is crimson, but when bitar- 
trate of potassa is added to the solution, it yields a rich, scar* 
let dye. The beautiful pigment called carmine^ is a lake 
made of cochineal and alumina or oxide of tin. — T. Archil 
is obtained from a lichen which grows in the Canary Islands. 
Litmusy which consists of red coloring matter and alkali, is 
prepared from it. Madder is the root of the ruhia tendorum^ 
and employed for dyeing the Turkey red. 

Yellow dyes. The principal are quercitron bark, turmeric, 
safiron and fustic. 

Black dyes. These s^re prepared from the same ingre- 
dients as writing ink. The addition of log- wood and acetate of 
copper gives a blue black. 
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SfecT. 7. Pbrmentation. 

Blany vegetable substaoces when exposed to warmth and 
moisture undergo spontaneous changes, and the process is called 
fermentation. It is most commonly observed in substances 
containing gluten, starch, gum or sugar. In different stages 
of the process, sugar, alcohol, and acetic acid are formed, 
and finally, there is a total dissolution of the substance. These 
stages of the process are called the saccharine^ vinous, ace- 
tons and putrtfactive fermentations. 

Saccharine fermentation. Starch only is subject to this 
kind of fermentation. The quantity of sugar produced equals 
in weight half of the starch employed. The ripening of 
fruits has been regarded as a kind of saccharine fermenta- 
tion, in which the acid of the green fruit is converted into 
sugar ; this change is caused by heat, not by the vitality of 
the plant 

Vinous fermentation. When sugar with water, and yeast 
or some other ferment is exposed to a warm temperature, the 
sugar is converted into carbonic acid gas and alcohol, in near- 
ly equal weights of each. As starch is convertible into sugar 
by fermentation, if the process be continued under the above 
conditions, it will be converted into alcohol and carbonic acid. 
All vegetable bodies contain some substances which act as a 
ferment, and therefore, by the addition of moisture and regu- 
lation of the temperature, various kinds of grain containing 
starch, and of ripe fruits containing sugar, will undergo the 
vinous fermentation. Thus cider is formed from apples, and 
beer from grain. To obtain ardent spirits, the fermented 
liquor is heated, and the alcohol passes over by distillation. 

In the fermentation of bread, the saccharine matter of the 
flour is resolved into alcohol and carbonic acid gas. The latter 
causes the dough to rise, and the former is entirely expelled 
by the heat of baking. A company in London was formed 
for collecting the spirit emitted by the baking of bread ; if 
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the fermentation of dough he continued, it undergoes the 
change next described, and becomes sour. 

Acetous fermentation. Any liquid which has undergone 
the vinous fermentation, or pure alcohol with water and yeast, 
exposed to the air in a warm place, undergoes a change, in 
which oxygen is taken from the air, and carbonic acid 
thrown off. In place of alcohol, acetic acid is found in the 
liquor. Thus cider becomes sour by age, if exposed to the 
air, and at length is converted into vinegar. In France wine 
is converted into vinegar, and in England, an infusion of malt. 

Acetic acid is often formed in the spontaneous decom- 
position of vegetable substances without sugar. In these cases, 
the process is quite different from the acetous fermentation 
properly so called. 

Putrefactive fermentation. Many vegetable principles, as 
the acids, oils, resins and alcohol, are not subject to putrefac- 
tion ; those ^hich contain oxygen and hydrogen in the pro- 
portion to form water, and especially those in which nitrogen 
exists, are subject to this change ; moisture, and a moderately 
warm temperature are essential to the process, which is also 
promoted by air ; water serves to loosen the particles of the 
substance, and enables them to act freely upon each other. 

The products of vegetable putrefaction, are carbonic acid 
gas, and light carburetted hydrogen. In stagnant waters, 
which contain decaying plants, these gases often rise in bab- 
bles, especially if the bottom be stirred. Usually, light carbu- 
retted hydrogen, is the most abundant gaseous product. In 
plants, which contain nitrc^en, ammonia is generated ; water 
is the principal liquid product, and vegetable mould, consisting 
of charcoat, a little oxygen and hydrogen, the solid product. 

Sect. 4. Germination. 
Germination refers to the process by which a new plant 
originates from the seed. The seed consists of two parts. 
The germ, which is endowed with the vital prmciple, and the 
28 
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catyhdons^ or seed lobes, which furnish Dourishmeot to the 
plant before it can derive it from the earth. The genu is 
composed of the radicle^ or that part which descends into the 
ground, and forms the root, and the plvmula, which rises into 
the air and forms the stem of the plant. 

The three conditions, necessary to the germination of the 
plant, are moisture, a certain temperature, and oxygen gas. 
Dry seeds will not germinate, or if moist, germination will 
not take place at 32^, nor at the temperature of boiling water, 
which deprives the germ of its vitality. The most favorable 
temperature is from 60** to 80*, varying with the nature of the 
plant Air is also necessary to germination, for if seeds are 
buried deep, excluded from the air, they will never pass 
through this process. 

In the malting of barley, the process of germination may be 
accurately studied. The malting is done by exposing the 
grain to moisture, warmth and air, until it begins to germinate, 
and then drying it in a kiln, where the temperature ranges 
from 100** to 160^, or more. The chemical changes which 
take place in this process, are the following. The hordein, an 
insoluble substance, is converted into starch, gum and sugar, 
which are soluble, and very nutritive substances, easily absorb- 
ed by the radicle of the plant ; at the same time, oxygen gas 
is consumed, and carbonic acid gas is given off. 

Chrowth of plants. There are many points of resemblance 
between the growth of plants and of animals ; and also many 
points in which they differ. The chemical changes which 
the sap undergoes, by what is called the respiration of plants, 
is probably very analogous to what takes place in the blood 
of animals. With this difference, however, that animals con- 
sume oxygen, and throw off carbonic acid, while vegetables ab- 
sorb carbonic acid and yield oxygen gas, provided in the lat* 
ter case, they are exposed to sunshine. In the night the re- 
verse oflen takes place ; light seems necessary to the coloring 
of plants, and to their health and perfection. 
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Food of plants. Plants derive their food for the most part 
from the earth. The soil generally consists of siliceous earth, 
clay, lime, and sometimes magnesia, mixed with the remains 
of animal and vegetable substances. The water passes 
through it, and dissolves the salts contained in it, and ab* 
sorbs the gaseous, extractive and other matters, which the pro* 
cess of decomposing animal and vegetable remains produce. 
It is then absorbed by the roots of the plant, and is conveyed 
to the leaves where it is fitted to nourish the plant 

There are some plants, however, which do not derive their 
nutrition from this source, as they are found to vegetate in dis* 
tilled water, and to grow for some time when merely suspend- 
ed in the air. This is accounted for on the supposition that 
carbonic acid is the proper food for plants. This substance 
is obtained from the atmosphere, absorbed by the leaves of 
the plant, and appropriated to its nourishment. When plants 
are burned, their ashes contain various salts which must have 
been derived from the earth. 

The peculiar vegetable substances which are formed from 
sap, appear to be under tlie control of the vital principle, over 
which the ordinary agents of chemical changes have but little 
power. 



CHAPTER VII. 



ANIMAL CHEMISTRY. 

With the exception of the oils, animal substances usually 
contain a large portion of nitrogen, and have a strong ten- 
dency to putrefaction. Their proximate principles are much 
less numerous than those of vegetables. In addition to car- 
bon, hydrogen, oxygen and nitrogen, sulphur, phosphorus, 
iron, earthy and saline matters are usually present in animal 
bodies. 
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Sect. !• Pboximate frinciples neither acid, nor 
oleaginous. 

Fibrin, This principle is the basis of the muscles, and is 
found abundantly in the blood. It is a white, insipid solid when 
pure, and easily putrefies. When subjected to the action of 
nitric acid, it throws off a large quantity of nitrogen, and with 
acetic acid forms a jelly. 

Albumen. Albumen exists in a solid state in the skin, 
glands and vessels, and in a liquid state in the serum of blood, 
the fluid of dropsy, and the white of eggs. The latter substance 
consists almost solely of it. When liquid, it is coagulated by 
heat, as in the boiling of an egg, or by alcohol, and the strong- 
er acids. Corrosive sublimate is a very delicate test, producing 
a milkiness in water, which contains ^oSo albumen. 

Gelatin. This substance » abundant in the solid parts of 
animals, in the skin, cartilages, membranes and bones. It is 
easily soluble in boiling water, and forms a bulky jelly on 
cooling. One part in 100 of water, will render the whole solid 
when cool. The jelly is a hydrate of gelatine, and if the wa* 
ter be expelled by a gentle heat, it may be preserved for any 
length of time. This is glue, which is prepared from the ears, 
skins and hoofs of animals. Isinglass is the purest variety, 
prepared from the sounds of fish. 

Osmazome exists in the muscular fibres. It is very insolu* 
ble, and is supposed to give to broth its peculiar flavor. 

Sect. 2. Animal Acids. 
Many acids are found in animals, which are found also in 
the animal and vegetable kingdoms ; such are the sulphuric, 
hydrochloric, phosphoric and acetic acids. Those, which 
are peculiar to animals, are very few, and are derived chiefly 
from urine, or from oils and fats ; of the latter, are stearic, 
oleic and margaric acids. Formic acid, is a remarkable acid 
found in ants, and is ejected by them when they are irritated* 
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Sect. 8. Animal Oils and Fats. 

These substances are very similar to the vegetable oils, and 
either may be used in the manufacture of soap, or for giving 
light. 

Train oil is obtained from the blubber of the right whale, 
and is much inferior for lights, to spermaceti. 

Spermaceti oil is obtained from the blubber of the sperm 
whale, and from a large cavity in the head, from which twelve 
or fifteen barrels of liquid oil are sometimes dipped out. This 
substance is strained through stout bags, which are subjected to 
a strong pressure. The solid which remains is spermaceti^ 
of which candles are manufactured, and the liquid is the sper- 
maceti oil. As the oil is more liquid in hot weather, summer- 
strained oil contains more spermaceti, and a given quantity 
will therefore produce more light, and burn less freely than 
winter-strained oil ; the latter is usually preferred as giving a 
clearer light, and being less affected by cold, but it is much 
less economical. 

Hog^s lard and suet are well known substances differing 
much in respect to their point of fusion. 

Animal oils and fats are not proximate principles, but con- 
sist chiefly of stearine and margarine^ which are solid at com- 
mon temperatures, and okine^ which is liquid. 

Soaps, When any of the animal or vegetable oils or fats 
are boiled with a solution of potassa or soda, the former are 
converted into margaric, oleic, or stearic acids, and another 
principle called glycerine. The acids combine with the alkali, 
and form soap. The compounds, which they form are solu- 
ble in pure water, but in solutions containing salts of lime, ox- 
ide of lead, and many other metallic compounds, they com- 
bine in preference with these oxides, and form insoluble com- 
pounds. Hence hard water, containing salts of lime, curdles soap. 

Ambergris, found floating on the ocean, is supposed to be 

a concretion formed in the stomach of the sperm whale. 

28* 



Digitized 



by Google 



J 



Complex Ammal Subttances* 



Sect. 4. Complex Animal Substances. 

Blood. 

Blood consists of a liquid, through which are diffused red 
globular particles. The liquid portion consists of water, hold- 
ing in solution fibrin, with albumen, and saline and oily matters. 
When set at rest it coagulates, forming a jelly. The red 
globules are also compound, containing fibrin and the color- 
ing matter. In mammiferous animals these globules are 
spherical, but in birds, reptiles and fishes, they are ellipsoidal. 

When blood is set at rest, it does not separate into the two 
parts above-mentioned, but into a red coagulum called the 
clot and the serum^ which is a yellowish liquid. 

The saline substances contained in the blood, are carbon- 
ates, phosphates, and sulphates of potassa and soda. It con- 
tains also chloride of sodium, (common salt,} chloride of po- 
tassium and sesqui-oxide of iron. More than f of the blood 
are water, the coloring matter is in the ratio of 125 parts in 1000, 
and albumen about 67 in 1000. The proportions vary some- 
what even in the the same person at difierent times. 

The following table by M. Le Canu represents the com- 
position of the blood as derive4 from two careful analyses. 



Water, 

Fibrin, 

Coloring matter, . 

AlbHmen, 

Crvstalline-fatty matter, 

Oily matter, 

Eztraotive matter soluble in water and alcohol, 

Albumen combined with soda, 

Chloride of sodium, ^ 

<< of potassium, 
Carbonates, ^ 

Phosphates, > of soda and potassa 
Sulphates, > 

Carbonates of lime and magnesia, 
Phosphates of lime, magnesia and iron. 
Peroxide of iron, 
Loss, 



-1 



•! 



780.145 

2.1()0 

133.000 

65.090 

2.43 

1.310 

.790 

1.265 



8.370 

2.100 
2.400 



785.5f)0 
3.565 

1196.26 

69.415 

4.300 

2.270 

1.920 

' 2.010 



7.304 

J. 414 
2.586 



1000.000 1000.000 
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The changes which are effected on the blood by respira- 
tion, are due to the oxygen of the atmosphere. The dark 
blood of the veins enters the lungs, and being there exposed 
to the action of the air through a thin membrane, absorbs 
oxygen, throws off, or forms carbonic acid gas, and passes 
into the arteries with a bright red color. A large quantity of 
carbonic acid is emitted by the lungs, and hence the necessi- 
ty of a free circulation of air in small, or crowded rooms. 

Animal heat There is a striking analogy between the 
process of combustion and respiration. In both cases, oxygen 
is consumed, and carbonic acid produced. This fact led Dr. 
Black to infer that the heat generated in the animal system, 
was derived from the change which takes place in the lungs. 
That the development of animal heat is dependent upon re- 
spiration, is a matter of easy demonstration ; but how the ef- 
fect takes place, has not been satisfactorily explained. In 
those animals which consume a small quantity of oxygen, the 
temperature of their bodies varies with the surrounding medi- 
um, and are called cold-blooded, but in those that consume a 
larger quantity of oxygen, the temperature is nearly uniform, 
whatever be the temperature of the medium. They are hence 
called warm-blooded. The temperature of the same animal 
varies often, according as the respiration is sluggish, or rapid. 

To account for animal heat. Dr. Crawford proposed the 
first consistent theory, which is founded on the supposition 
that the blood, when purified by the oxygen of the air, has its 
capacity increased for caloric ; and hence the heat produced 
in the lungs by the consumption of the oxygen, enters into an 
insensible state in the arterial blood. As this blood circulates 
through the system and enters the veins, it loses its capacity, 
and gives out its caloric. But Dr. Davy denies that there is 
any difference between the capacity of venous, and arterial 
blood. If, however, we suppose that the oxygen does not 
combine with the carbon in the lungs, but in the course of cir- 
culation, there would be heat developed in all parts of thesys- 
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tem ; and this view would account for the facts, irrespective 
of the different capacities of the two kinds of blood. 

The influence of the vital principle, doubtless has much to 
do, both in the development and preservation of animal heat. 
The nerves have been supposed also to possess a specific 
power of generating heat, but whatever be the cause, it is evi- 
dent that the arterialization of the blood does not account for 
all the heat of the animal system, from the fact that a healthy 
animal imparts more heat to surrounding bodies, than could 
be produced from this source alone. 

Saliva. This liquid contains only seven parts of solid 
matter in a thousand. It contains chloride of potassium, sul- 
phate, phosphate, acetate and carbonate of potassa, with some 
other salts. It forms a soft, pulpy mass with the food in mas- 
tication, preparing it for more easy digestion. 

Gastric juice* This fluid taken from an empty stomach 
has a saline taste, and is neutral. But when any substance 
enters the stomach, acid is secreted. Both hydrochloric and 
acetic acids are formed. All nutritious substances are dis- 
solved by this juice, and converted into a pulpy mass called 
chyle. It does not act on living substances, or the stomach 
itself would be dissolved, as sometimes is the fact aAer death. 
Its solvent power is due to the acids, which are greatly aided 
by the temperature of the stomach. By taking magnesia the 
acids are neutralized, and the digestive power suspended for 
the time. 

Bile. The bile is a yellow, or greenish nauseous liquid, of 
which ^ are water, and the remainder a peculiar bitter prin- 
ciple, called picromaly with resin, and several salts. The bile 
stimulates the intestinal canal, and assists in converting the 
chyme into chyle. 

Chyle. This is a white fluid resembling milk. It contains 
about 90 per cent, of water ; of the other constituents, albu- 
men is most abundant. 

Milk. This liquid is well known to consist of cream, curd 
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and whey. 100 parts of cream, of specific gravity 1.0244, 
contain only 4.5 parts of butter ; of the remainder 92 are 
whey, and 3.5 curd. The coagulation in sour milk is produced 
by the generation of acetic acid, which, in common with acids 
generally, separates the curd from the whey. The same 
efiect is caused by rennet prepared from a calPs stomach, 
which is impregnated with the gastric juice, and therefore 
contains acid. Milk is of course curdled when taken into the 
stomach. 

Lymph is a peculiar, limpid, transparent liquid, which mois- 
tens the cellular membrane, and collects abundantly in some 
dropsical affections. It consists chiefly of water, with hydro- 
chlorate of soda and albumen. 

The humors of the eye contain more than 80 per cent, of 
water ; the other ingredients are albumen, muriate and ace- 
tate of soda, pure soda, and an animal matter like curd, which 
gives it a milky appearance. 

The tears contain pure soda, chloride of sodium, and phos- 
phate of soda, with water, and an animal matter analogous to 
albumen. 

Mucus is a fluid secreted by the mucus surfaces, as the 
nose. 

Pus is a liquid matter secreted by an inflamed, and ulcera- 
ted surface. Its characteristic ingredient resembles albumen. 

Sweat is the vapor which constantly passes off from the 
skin, and consists mostly of water, mixed with a little muriate 
of soda, and free acetic acid. 

Urine differs from most animal fluids in serving no ulterior 
purpose in the animal economy. It is an excretion consisting 
of substances which would prove injurious to life and health, 
The urine is separated by the kidneys from the blood, and 
consists of a great variety of substances, such as water, and 
urea, which are the principal, uric acid, lactic acid, lactate of 
ammonia, mucus, sulphates of potassa and of soda, phos- 
phates of soda and of ammonia, muriates of soda and of am- 
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nonia, earthy matters with a trace of fluate of Ume, and dii- 
oeous earth. 

Eggi. The shell of an egg is about ^, the white ^, 
and the yolk ^ of the whole. The shell consists chiefly oi 
carbonate of lime ; and the white, of albumen with a little 
sulphur. The yolk contains phosphorus, which supplies 
phosphoric acid for forming the bones of tlie chicken. 

Banes* Bones contain about ^ of animal matter, ^ of phos- 
phate of lime, iV of carbonate of lime, with a little fluoride 
of calcium, and some other sails. Teeth have the same com- 
position, but the enamel contains 78 per cent, of phosphate of 
lime. The shells of crustaceous animals, as lobsters and 
crabs, consist of carbonate and phosphate of lime with ani- 
mal matter ; but the shells of molluscous animals, or true 
shells^ as of the oyster, snail, etc., consist almost entirely of 
carbonate of lime, and animal matter. 

Horn differs from bone in containing only a trace of earth. 
The composition of the nails^ hoofs^ and cuticle of animals is 
similar to horn. 

Tendons are composed almost wholly of gelatin. 

The true skin has nearly the same composition, membranes 
and ligaments contain in addition some substance which is in- 
soluble in water, and is similar to coagulated albumen. 

Hair contains a peculiar animal substance, insoluble in 
water at 212°, but soluble in a solution of potassa. It also con- 
tains an oil, which gives the peculiar color of the hair ; sulphur 
upon which the nitrate of oxide of stiver acts in staining it, to- 
gether with silica, iron, manganese and carbonate and phos- 
phate of lime. 

PFoo/and feathers are similar in composition to hair. 

Silk is covered with a peculmr varnish, which amounts to 
about 23 per cent. 

Muscle. The lean flesh of animals consists essentially of fi- 
brin, with numerous other ingredients, such as albumen, gela- 
tin, a peculiar extractive matter called osmaxome^ iat and salts. 
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CHAPTER VIII. 
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ANALYTICAL CHEMISTRY. 

It is tbe object of analytic chemistry to point out the me- 
thod of separating compound bodies into their simple elements. 
As the subject is extensive, a few things only will be inserted 
here, in order to give the student an idea of the nature of the 
process. 

Sect. 1. Analysis of Mixed Gases. 

1. Gaseous mixiures containing oxygen. Fig. 84. 
The best process by which oxygen gas may 
be withdrawn from gaseous mixtures, is by j 
means of hydrogen gas. In case of the air, i 
a given portion is taken, and rather more hy- 
drogen added than is sufficient to combine 
with the oxygen. The mixture is then intro- 
duced into a strong glass tube, or eudiom- 
eter, (fig. 84.) over water or mercury, and 
exploded by the electric spark. The total 
diminution in volume, divided by three, will 
give the quantity of oxygen present. Instead 
of exploding the gases, they may be made 

to combine slowly by introducing into the mixture platinum 
sponge. 

2. Gaseous mixtures containing nitrogen. As the air con- 
tains only oxygen and nitrogen, when other substances are 
withdrawn, if its oxygen is determined, the quantity of its 
nitrogen may be easily known. The only mode of ascertain- 
ing the quantity of nitrogen in any mixture, is to withdraw 
the other gases from it. 

3. Gaseous mixtures containing carbonic acid. When 
carbonic is the only acid gas present, as is the case with air, 
and organic compounds, the process consists merely in ab- 
sorbing this gas by lime water, or a solution of caustic potassa. 

4. Gaseous mixtures containing hydrogen and other in- 
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flammable bodies. The quantity of hydrogen when mixed 
with nitrogen, oxygen, or atmospheric air, is ascertained by 
adding a portion of oxygen, and exploding the mixture. The 
quantity of other inflammable bodies, such as carbonic oxide, 
light carburetted hydrogen, or defiant gas mixed with nitro- 
gen, is determined by adding a sufficient quantity of oxygen, 
and detonating the mixture. The diminution of volume in- 
dicates the quantity of hydrogen contained in the mixture, and 
by withdrawing the carbonic acid, the quantity of carbon may 
be known. 

Sect. 2. Analysis op Minerals. 

In order to analyze any mineral compound, the first object is 
to bring the body into a state of solution. This is efifected 
generally by water or acids, but in cases where the substance 
is not dissolved by these, it is made into a paste, with three or 
four times its weight of potassa, soda, baryta, or their carbon- 
ates, and subjected Ic^ strong heat in a platinum or silver cru- 
cible. By this means, the alkali combines with one or more 
of the constituents of the mineral, and then it is in a state to be 
acted upon by acids. 

The analysis of carbonate of lime (marble), is eflfected by 
simply heating it until all the carbonic acid is driven oflT. The 
loss will indicate the quantity of acid. 

To separate siliceous, and aluminous earths from lime-stone, 
dissolve it in hydrochloric acid, and these earths will remain 
insoluble. To separate carbonate of magnesia from lime-stone, 
the process is more difficult,^ 

Earthy sulphates. The sulphate of lime is easily analyzed 
by boiling it for 15 pr 20 minutes in a solution of twice its 
weight of carbonate of soda. , The carbonate of lime and sul- 
phate of soda are formed by double decomposition. The sul- 
phate of soda is then decomposed by chloride of barium, and 
the carbonate of lime analyzed in the usual way.* 

* For other sulphates, see Turner, p. ^l. 
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The compounds of silica.^ ahtmina^ and troit, are decom- 
posed by an alkaline carbonate at a red heat. For further 
details, the student is referred to Turner's Chemistry. 

Sect. 3. Analysis of Mineral Watebs. 

The purest water is obtained by distillation. Rain-waler^ 
or that from fresh fallen snow, is next in purity. 

Well and spring water contain some salts, which are deri- 
ved ffom the soil through which the rain-water passes, hence 
the purity of water will depend upon the nature of the soils. 
If it is filtered through primitive strata, such as granite, it will 
contain few salts, but if through secondary soils, such as lime- 
stone and gypsum, it becomes impregnated with various other 
substances and is mineralized. Lime renders it hard. 

The different kinds of mineral -water, are acidulous, alka' 
line, chalybeate, sulphuretted^ saline, and silicious springs. 

In acidulous springs of which those of Saratoga, and Selt- 
zer are examples ; the acidity is due to the carbonic acid with 
which thehr waters are impregnated. They frequently con- 
tain protoxide of iron, carbonates of lime, magnesia, and other 
saline compounds. The carbonic acid is easily expelled by 
beat, and may be collected over mercury. 

Alkaline springs are very rare. They generally contain 
free, or carbonated alkali. 

Chalybeate springs. These waters are characterized by a 
styptic, inky taste, and by striking a black color with infusion 
of gall-nuts. The iron is either combined with hydrochloric 
and sulphuric acids, or exists in the form of proto-carbonate 
held in solution by free carbonic acid. On exposure to the 
air, the protoxide is oxidized, and the hydrated peroxide sub- 
sides as an ochreous deposit, which is commonly found in the 
vicinity of chalybeate springs. — T. 

Sulphuretted springs are characterized by their odor, and 
by the brown precipitate which a salt of lead or silver occa- 
sions. This is owing to the hydro-sulphuric acid gas which 
29 
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tbey contain. The quantity of gas is ascertained by boiling 
the water, which expels it 

Saline springs owe their properties to saline compounds, 
such as sulphates and carbonates of linie, magnesia and soda, 
and the chlorides of calcium, magnesium, and sodium. . 

In the analysis of saline springs, the first object is to ascer- 
tian the nature of the ingredients. Hydrochloric acid is de- 
tected by nitrate of oxide of silver, sulphuric acid by chloride 
of barium, and if an alkaline carbonate be present, thb pre* 
cipitates will contain a carbonate of oxide of silver, or of 
baryta. Lime and magnesia may be detected, the former by 
oxi^te of ammonia, and the latter by phosphate of ammo- 
nia. Potassa is known by the action of dhloride of platinum. 
To detect soda, the water should be evaporated to dryness, the 
deliquescent salts removed by alcohol, and the matter insolu- 
ble in that menstruum taken up by a small quantity of water, 
and allowed to crystallize by spontaneous evaporation. The 
salt of soda may then be recognized by the rich yellow color 
which it communicates to flame. U the presence of hydriodic 
acid be suspected, the solution is brought to dryness, the solu- 
ble parts dissolved in two or three drachms of a cold sohitioii 
of starch and strong sulphuric acid slowly added. — T. 
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Electro-magnetism, In the descriplion of the Revolving 
Rectangle^ p. 87, fig. 34, the pole-changer is said to " con- 
sist of two pieces of copper or steel, with a small space called 
a break, between them." The pieces of metal are silver, or 
should be, and as the space between does not break the current 
but only sends it in a different direction, the term break does 
not apply to the instrument as thus constructed. A breaks is 
generally a piece of metal which interrupts the current, as is 
9hown in fig. 41, p. 92. It may consist of air, or any non- 
conducting substance so connected with a conductor, that when 
the wire conveying the current passes from the conductor to 
the non-conductor, the current may be broken. In the de- 
scription of this instrument p. 88, it is stated that " when the 
sides of the rectangle arrive in the plane of the poles, they ac- 
quire sufficient force to pass by, etc." It might appear from 
this that the power ceased to act at that point, which is not the 
case ; their tendency is to pass around the magnet, the force 
acting in the direction of a tangent to the circle in which the 
rectangle moves, continues to operate until the sides of the 
rectangle stand again at right-angles to the poles of the mag- 
net, the point from which they commenced their revolution. 
The currents are then reversed and the revolution is contin- 
ued. As the phenomena of volta and magneto-electric induc- 
tion are produced only at the moment the battery current is 
arrested by the break, and that of magneto-electric induction 
only when the wire surrounding the armature is passing across 
the break- piece ; it is necessary to assume these facts, in order 
that the theory stated on p. 94, may fully explain the phe- 
nomena. 



WoUaston^s Synoptic Scale of Chemical Equivalents,*— 
The scale consists of a moveable slider with a series of 

* The paper, by its author, describing the scale is inserted in th« 
Philosophical Transactions for 1814. 
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numbers upon it, from 10 to 320, oo each side of which and 
on the fixed part of the scale, are set down the names of va- 
rious chemical substances. 

The scale is founded on the constancy of composition in 
chemical compounds ; the equivalent power of the quanti- 
ties that enter into comUnations ; and the properties of a logo- 
metric scale of numbers. 

The numbers are so arranged, that at equal intervals they 
bear the same proportion to each other. The student will 
easily observe and understand this, by measuring a few dis- 
tances upon the scale with a pair of compasses, or even a 
piece of paper. If his paper extend from 10 to 20, it will 
also extend from 20 to 40, or from 55 to 110, or from 160 to 
320. Whatever number is at the upper edge of the paper 
will be doubled at the lower. If any other distance be taken, 
the same effect will be observed. If, for instance, the paper 
extends from 10 to 14, then any other two numbers found at. 
its upper and lower edge will be in the same proportion as 
these two numbers 10 and 14 Thus make the upper num- 
ber 100, and the lower number will be 140. 

Now supposing that the paper were cut of such a width 
that, one of its edges being applied upon the scale to the num- 
ber representing the equivalent of one body, the other should 
coincide with the number of the equivalent of a second body ; 
then upon moving the paper, wherever it was placed over the 
numbers, those at its upper and lower edges would still repre- 
rent the corresponding proportional quantities of the two bod- 
ies as accurately as at first, because the numbers at equal 
distances on the scale are proportional to each other. Thus 
suppose the upper edge were made to coincide with 40 and the 
lower with 78, then the upper edge might be called sulphuric 
acid, and the lower baryta ; and this width once ascertained, 
the paper wherever applied upon the scale, would show at its 
lower edge the quantity of baryta necessaiy to combine with 
the quantity of sulphuric acid indicated by its upper edge. 

It is evidently of no consequence whether the paper be 
moved up and down over the scale, or the line of numbers be 
moved higher -and lower, to bring its different parts to the 
edges of the paper. And supposing the piece of paper just 
described to be pasted upon the side of the scale, then by 
moving the latter any of the numbers might be made to coin- 
cide with the upper or lower edge at pleasure, and conse- 
quently the quantity of sulphuric acid necessary to combine 
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with any quantity of baryta, and vice versa, ascertained by 
mere adjustment and inspection of the scale. Or if, instead 
of referring to the separate piece of paper, marks were to be 
made on the side of the scale at 40 and 78, and named sul- 
phuric acid and baryta, the same object would be attained, 
and the same method of inquiry rendered available. 

Other substances are to be put down upon the scale exact- 
ly in the same manner. Thus the scale being adjusted until 
the number forty coincides with the sulphuric acid already 
marked, then sulphate of baryta is to be written at 118, and 
thus its place is ascertained ; nitrate of baryta at 132 ; soda 
at 32 ; sulphate of soda at 72 ; and a similar process is to be 
adopted with every substance, the number of which has been 
ascertained by experiment. The instrument, which in this 
state merely represents the actual numbers supplied by ex- 
periment, will faithfully preserve the proportions thus set 
down, whatever the variation of the position of the slider may 
be. It is therefore competent to change all the numerical ex- 
pressions to any degree required, the knowledge of one only 
being sufficient first by adjustment, and then by inspection to 
lead to the rest. 

A few illustrations of the powers and uses of this scale 
will be sufficient to make the student perfect master of its na- 
ture and applications. Suppose that in analyzing a mineral 
water, the sulphates in a pint of it have been decomposed 
by the addition of muriate of baryta, and the resulting sul- 
phate of baryta washed, dried and weighed ; from its quanti- 
ty may be deduced the exact quantity of sulphuric acid 
previously existing in the mineral water. Thus, if the sul- 
phate of baryta amount to 43.4 grains, the slider is to be 
moved until that number is opposite to sulphate of harytOy 
and then at sulphuric acid will be found the quantity required, 
namely 14.7 grains. In the same manner the scale will give 
information of the quantity of any substance contained in a 
given weight of any of its compounds ; these having pre- 
viously been deduced from experiment, and accurately set 
down on the table in the manner just explained. 

If it be desired to know how much of one substance must 
be used in an experiment to act upon the other, it is evident 
that the equivalent must be taken, and this may be Iqfirned 
from the scale. Suppose that a pound of sulphate of baryta 
has been mixed with charcoal, £M^ well heated, to convert it 
29* 
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into a iulphufet, and that by the addition of nitric acid it fs to 
be converted into nitrate of baryta. The quantity of acid 
which will probably be required may be learned by bringing 
100 to sulphate of baryta, and then by looking for the num- 
ber opposite nitric acid ; it will be found to be 46. But this 
represents the quantity of dry acid ; casting the eye there- 
fore lower down, upon liquid nitric acid of a specific grarity 
of 1.50, it will be found that 61 lbs. or a little more, is the 
equivalent for 100 lbs. and consequently that 61 hundreth 
parts, or somewhat above ^^^y of a pound of such acid, will be 
sufficient for the pound of sulphate of baryta operated with. 

If a certain weight of carbonate of baryta be required in 
that moist and finely divided state, in which it is obtained by 
precipitation, and in which it cannot be weighed, the accuracy 
of the quantity may be insured by taking the equivalent of 
dry muriate, or nitrate of baryta, precipitating it by an excess 
of carbonate of potassa, and then washing off the salts which 
remain in solution. Suppose 100 grains of the carbonate 
were required ; by bringing that number to carbonate of 
baryta, it will be found that the quantity of dry muriate ne- 
cessary will be 105.8 parts, and the quantity of nitrate 133.4 ; 
and if the quantity of carbonate of potassa necessary for this 
purpose be also required, it will be found opposite the name 
of that substance on the scale, to be a little less than 70 parts, 
so that 5 or 10 parts more will ensure a satisfactory excess. 

The second paragraph of Wollaston's description of this 
scale may be transcribed, tis a further illustration of the pow- 
ers of the instrument. ^ If, for instance, the salt under ex- 
amination be the common blue vitriol, or crystallized sulphate 
of copper, the first obvious questions are — (1) How much 
sulphuric acid does it contain ? (2) How much oxide of cop- 
per ? (3) How much water ? He [the analytic chemist] 
may not be satisfied with these first steps in the analysis, but 
may desire to know further the quantities (4) of sulphur, (5) 
of copper, (6) of oxygen, (7) of hydrogen. As means of 
gaining this information, he naturally considers the qioantity 
of various reasents that-may be employed for discovering the 
quantity of sulphuric acid (8), how much baryta, (9) carbon- 
ate of baryta, or (10) nitrate of baryta, would be recjutsite 
for this purpose ? (ll) How tauch lead is to be used in the 
form of (12) nitrate of lead ; and when the precipitate of 
(18) sulphate of baryla, or (14) sulphate of lead are obtained^ 



Digitized 



by Google 



Appendix. 343 

it will be necessary that he should also know the proportion 
which either of them contaiDs of dry sulphuric acid. He 
may also endeavor to ascertain the same point by means of 
(15) the quantity of pure potassa, or (16) of carbonate of po- 
tassa requisite for the precipitation of the copper. He might 
also use ( 17) zinc, or ( 18) iron for the same purpose, and he 
may wish to know the quantities of (19) sulphate of zinc, or 
(20) sulphate of iron, that will then remain in the solution." 

AH these questions and points are answered by moving the 
slider until the number expressing the quantity operated with, 
coincides with sulphate of copper crystallized, 5, Water. 
Let it for instance be 100 ; this being brought opposite crys- 
tallized sulphate of copper, the information relative to all the 
above points, except the sixth and seventh, is supplied by 
mere inspection. The sixth may be supplied by substracting 
(5) the quantity of copper from (2) the quantity of oxide of 
copper, or by halving the quantity at 2 oxygen, or taking the 
third of that at 3 oxygen. The seventh relates to the quan- 
tity of hydrogen in the 5 water present in the salt ; this quan- 
tity of hydrogen does not come within the line of numbers, 
but may easily be obtained by doubling the quantity of water, 
or doubling the quantity of the salt used, which will then 
bring 10 hydrogen into the scale, and the half of this^ is to be 
taken as the quantity in 5 water, or in 100 grains of the salt. 
Putting therefore 200 to sulphate of copper, 10 hydrogen, is 
indicated as 17 parts nearly, when of course the half of this 
or 8.5 parts is the quantity in 100 grains of the crystallized 
salt of copper. 

Whenever it thus happens that the number known or the 
number sought for is out of the scale, then some convenient 
multiplier of the numbers may be used. The most conven- 
ient method is to use the tens or the hundreds as units, or 
what is the same thing, to consider for the time that decimal 
points are inserted between the units and the lens, or between 
the tens and the hundreds of all the numbers on the scale. 
Thus if it were required to ascertain how much magnesia and 
sulphuric acid were contained in a pound of crystallized sul- 
}>hate of magnesia, no 1 exists upon the scale, and of course 
no fractions or small parts of 1 ; but imagine decimal points 
between the tens and the hundreds, then 10 upon the scale 
beconies one-tenth, 22 twenty-two hundredths, 100 (me, 220 
two and two-tentbs and so on. Bringing therefore 100 to 
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crystallized sulphate of magnesia, it represents ihe 1 pound, 
and by inspection it will be found that it contains 16 hun- 
dredths of a pound of magnesia, and 32 J hundredths of a 
pound of sulphuric acid. 

As another illustration ; suppose that the quantity of mag- 
nesia in 50 lbs. of crystallized Epsom salt were requireof; 
upon bringing 50 opposite the name of the salt, the quantity 
of magnesia will be found smaller than any quantity expressed 
upon the scale : but all that is necessary to obtain the answer 
is, to double the quantity of the salt, and then to halve the 
quantity of magnesia indicated ; in which way it will be found 
that the 50 lbs. contain about 8 lbs. of the oxide. 

These Synoptic scales are generally constructed of paper 
or wood. It is almost impossible that they should be accu- 
rate, because of the extension and contraction of the paper, 
and the facility with which it yields to mechanical impress- 
ions, and may be stretched when in a moistened state. These 
scales should never be considered as accurate when they first 
come from the instrument-maker. They may be examined 
by a pair of compasses or a piece of paper, to ascertain how 
nearly, equal intervals on the scale of numbers, accord with 
equal proportions between the numbers at the extremities of 
those intervals and thus the degree of error in them, and the 
part where it exists to the greatest extent may be observed ; 
but it will be useless to do so, with the view of finding one so 
accurate as to dispense with calculation in exact, analytical 
experiment. 

Those scales, which are laid down directly upon wood, 
though not liable to the same sources of error as the paper 
scales, are still seldom, if ever, so accurate as to compete 
with calculation. — W. 



Piitration, When a solution has been prepared for ex- 
amination, it ought to be perfectly clear. If it appears mud- 
dy it must be subject \6 Jiltratian^ that is, it must be passed 
through a paper filter, by which means it is separated from 
solid matters which make it appear opaque. As this opera- 
tion frequently occurs in chemical analysis and in various 
manipulations, it is important to understand the mode of per- 
formmg it. 
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The filtering paper should 
contain no glazing or sizing, and 
after it is folded should be placed 
in a funnel c (fig. 84.), supported 
by a lamp-stand or a wood-stand 
made for the purpose, or it may- 
be placed in the top of a tall jar, 
the liquid to be filtered is then 
put into it and a vessel placed be- 
neath to contain the liquid as it 
slowly passes through the paper. 
By this process, the solid and li- 
quid parts are separated and ei- 
ther may be examined in their 
separate state.* 



lig, 83. 




Cementing. 1. When vapors of watery liquors, and such 
others as are not corrosive, are to be confined, it is sufficient 
to surround the joining of the receiver to the retort with slips 
of wet bladder, or of linen, or paper, covered with flour paste, 
or mucilage of gum-arabic. 

2. Soft cement is made of yellow wax melted with half its 
weight of turpentine and a little Venetian red to give it color. 
It can be easily moulded by the fingers, and sticks well to dry 
substances. 

3. For containing the vapors of acid, or highly corrosive 
substances, fat lute is made use of. - This is formed by beat- 
ing perfectly dry and finely sifted tobacco pipe clay, with 
painters' drying oil, in a mortar, to such a consistence that it 
may be moulded by the hand. To use it, it is rolled into 
cylinders of a convenient size, which are applied, by flatten- 
ing them, to the joinings of the vessels, which must be quite 
dry, as the least moisture prevents the lute from adhering. 
The lute, when applied, is to be covered with slips of linen 
spread with the lime lute ; which slips are to be fastened with 
pack thread. 

4. When penetrating and dissolving vapors are to be con- 
fined, the lute to be employed is of quick lime slacked in the 
air, and beaten into a liquid paste with white of eggs. This 

* For ehemieal manipuLatum and blow-pipe analysis, the student is 
referred to Grijjin's Chemical Recreations, 
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must be applied on strips of linen ; it is very convenient, as it 
easily dries, and becomes firm. This late is very useful for 
joining broken china ware. 

6. For cementing stone ware to metals and wood, litharge 
and red lead mixed and worked up with spirit of turpentine, 
makes a good cement. It takes several days to give off the 
turpentine and become dry and hard. 

6. Cement for fastening brass necks upon glass jars, etc. :— 
4 parts of rosin, 1 of wax, and 1 of finely powdered brick, 
melted and well mixed together. It is to be put on warm, but 
care is to be taken not to apply it so hot as to split the glass. 
It holds very hard. 

7. Mix lintseed meal with water, and knead it into a stiff 
paste. It soon hardens and withstands the fumes of acids and 
ammonia. It is better if made with lime water, or thio glue. 
It is charred by a strong heat. 

8. Thick gum water, with pipe clay and iron filings. Mix 
well. It becomes very hard and firm, and is fit to be used 
where it is required to hold good a considerable time. 

9. Plaster of Pari&, stirred up with milk, starch water, or 
thin glue. It hardens immediately, and is very good for se- 
curing tubes in flasks, when the corks do not fit well, and 
gases are to be prepared in them. 

10. Dissolve melted India rubber in boiling lintseed oil, and 
afterwards thicken the latier with pipe clay till it forms a stiff 
mass. The thorough incorporation of the pipe clay demands 
a great deal of lalK>r. This is a capital cement to be used 
when acids are to be prepared. 

11. Cement for fastening labels upon bottles. Soften and 
subsequently boil glue in strong vinegar. During the boiling, 
thicken it with flour. This mixture can be preserved in a soft 
state without becoming mouldy. It should be put into a glass 
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13. Diamond Cement for Glass or Porcelain, Dissolve 
five or six pieces of gum mastic, as large as peas, in the 
smallest possible quantity of alcohol. Mix this liquid with two 
ounces of a strong solution of isingl«iss, (made by softening 
and dissolving isinglass in boiling brandy or rum to satura- 
tion), having previously incorporated the two ounces of isin- 
glass solution with two or three small pieces of galbanum or 
gum ammoniac, by trituration. The mixture is to be preserved 
in a well closed bottle, and is to be gently heated by holding 
the bottle in hot water at the moment when you are going to 
use \\.,— Griffin^ s Chem, Recreations. 

Elastic Tube Makinff, Take a piece of the sheet rubber, 1 or 1^ 
inches long, and a little more than three times as wide as you intend 
the tube to be. Take a glass rod rather smaller than the intended 
caoutchouc tube, fold a slip of paper round the glass rod, and over it 
the piece of caoutchouc, previously soflened by warming before the fire. 
Fold the two edges together, and cut off the double projecting edges 
by a pair of scissors, so as to produce two parallel straight edges. Put 
the two clean surfaces thus produced face to face, being careful not 
to let the fingers or any thing else touch them. Press the two faces 
togetDer by the thumb nails, and finally press the seam from end to 
end with the flat part of the thumb nail. The junction is then effected 
and the tube complete. But if the fingers or any dirt is allowed to 
touch the clean cut surfaces of the rubber, they cannot be made to 
unite by pressure. Afler you have withdrawn the ^lass rod and the 
slip of paper from the rubt>er tube, you are to smear its inner surface 
with flour or fine ashes, to prevent the subsequent sticking together 
of its sides, which is otherwise liable to take place. — lb. 





Specific Crravity of Essential and other Oils. 




Oil of Anise-seed, 





0.9958 




" Bergamot, 










0.885 




" Cajeput, 










0.948 




" Caraway. 










0.975 




" Cassia, 










L071 




" Cinnamon, 










1.035 




" Cloves, 










1.061 




" Fennel, 










0.997 




" Juniper, 










0.911 




** Lavender, 










0.898 




** Lemons, 










0.8517 




" Nutmegs, 










0.948 




** Peppermint, 










0.899 




« Roses, (Ottar of 


Eloiis), 








0.838 


«< 


<* Rosemary, 










0.85 
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of Fermented Liqours. 




Oil of Grain Spiritp, 




0.835 
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« PoUto Spirito, 
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Cutting Glass, Dissolve in spirits of turpentine as much camphor 
|[uni,as the liquid will bold in solution by the aid of moderate beat — 
a common file dipped into the solution and applied to glass, will cut 
it with nearly the same facility as iron. 



TABLE. 

Tke following are the results obtained by a commission appointed 
by the Parisian Academy of Sciences to examine the elastic 
force of vapor,* They were obtained by experiment up to a 
pressure of 25 atmospheres^ and at higher pressures by calcu' 
lotion. 

Temperature ac- 
cording to Far. 

380.66* 

d86.d4 

393.86 

398.48 

403.82 

408.92 

413.78 

418.46 

422.96 

427.28 

431.42 

435.56 

439.34 

457.16 

472.73 

486.59 

491.14 

510.60 



ElMtlciif ofthe vap. 


Temperature ac- 


Elasticity ofthe vap. 


takinf Btmosphoric 


cording to Far. 


tailing atmospheric 


pmi. u unity. 




press, as aoity. 


1 


212* 


13 


H 


233.96 


14 


2 


250.52 


15 


n 


263.84 


16 


3 


275.18 


17 


3i 


285.08 


18 


4 


293.72 


19 


4J 


300.28 


20 


5 


307.5 


21 


5J 


314.24 


22 


6 


320.36 


23 


6J 


32a26 


24 


7 


a31.70 


25 


n 


336.86 


30 


8 


341.78 


35 


9 


350.78 


40 


10 


358.88 


45 


11 


366.85 


50 


12 


374i00 





* Brande's Jour. N. S. viii; 191. 
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Acetate of alamina, 307 

ammoDia, 307 

copper, 307 

iron, 307 

lead, 307 
Acetous fermentation, 325 
Acid acetic, 307 

antimonic, 251 

antimonious, 251 

arsenic, 244 

arsenious« 242 

teste of, 243 

auric, 266 

azulmic, 310 

benzoic, 309 

boracic, 195 

bromic, 135 

camphoric, 309 

carbazotic,310 

carbonic, 165 

solidification of, 168 

chloric, 129 

chlorous, 129 

chloriodic, 133 

chloro-carbonic, 170 

chromic, 246 

citric, 307 

columbic, 250 

crenic, 310 

croconic, 309 

cyanic, 177 

cyano-hydrosulpburic, 188 

cyanuric, 177 

elaiodic, 317 

ellagic, 309 

fluosilicic, 201 

fljaoboric, 196 

fulminic, 177 

ffallic, 308 

nydriodic, 146 

hydrobromic, 147 

30 



hydrochloric, 143 
hydrofluoric, 147 
hydroselenic, 199 
hydrosulpho-cyanio, 188 
hydrosulphuric, 185 
hydrosuJphurous, 187 
hydrotelluric, 255 
hydrothionic, 185 
hypochlorous, 128 
hyponitrous, 154 
hypophosphorous, 191 
hyposulphuric, 182 
hyposulphurous, 180 
indigotic, 310 
iodic, 132 
iodous, 132 
kinic, 309 
lactic, 309 
malic, 307 
mangaric, 310 
manganic, 226 
meconic, 319 
mellitic, 309 
meta-gallic, 309 
meta-meconic 309, 
molybdic, 248 
moroxylic, 310 
mucic, 309 
muriatic, 143 
nitric, 155 

nitro-hydrofluorio, 188 
nitrons, 154 
nitro-muriatic, 158 
oxalic, 306 
oleic, 310 
para-cyan uric, 177 
para-phosphoric, 192 
pectic, 310 
perchloric, 130 
per-manganiC| 227 
periodic, 132 
phosphorio, 191 
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Acidoloai tpriiigg, 337 
Acid phosphorous, 191 
prossiCy 178 
pjrocitric, 309 
pjrogallic, 309 
pjroRffneouB, 307 
pjrophosphoric, 192 
raceinic,309 
rocellic, 310 
selenic, 198 
selenious, 198 
silicic, 900 

silico-hjdroflaoric, 201 
stearic, 310 
succinic, 309 
sulphuric, 182 
sulphurous, 180 
tannic, 308 
tartaric, 308 
telluric 255 
tellurous, 255 
titanic, 254 
tungstic, 249 
yalerianic, 310 
vanadic, 247 
Affinity chemical, 97 
cause of, 110 
disposing 137 
double, 97 
effects;of,103 
elective, 97 
measure of, 103 
simple, 97 
Air, 150 
Alabaster, 276 
Albumen, 328 
Alcohol, 320 
Alkalies, 160 

metallic bases of, 205 
Alkaline earths, 213 ' 
Allanite,252 
Alloys of antimony, 252 
copper, 257 
gold, 267 
lead, $^9 
manganese, 258 
sUver, 264 

sodium and potassinml 212 
Alum, 280 

ammoniftj^O 
Alum stone, 280 
iron, 280 
manganetfe, 290 



Alkaline springs, 337 
Alumina, 221 

hydrates of 222 
Aluminium, 220 
Aluminous earth, 221 
Amalgams, 262 
Amber, 319 
Ambergris, 329 
Ammonia, 159 
Ammoniuret of copper, 279 
Analysis of carb. of lime, 

minerals, 336 

mixed gases, 335 , 
Angles of crystals, 270 

plane, 270 

solid, 270 
Analysis of mineral waters, 337 
Anhydrite, 276 
Anthracite, 162 
Animal acids, 328 

chemistry, 327 

heat, 331 

oils and fats 329 
Antimonio-sulphurets, 302 
Antimony, 250 
Appendix, 339 
Aqua fortis, 157 

potassa, 207 
Archil, 323 
Aerostation, 138 
Arrow-root, 314 
Arseniates, 291 

table of compounds, 292 
Arsenic, 241 
Arsenites, 292 
Arsenio-sulphurets, 301 
Arseniuretted hydrogen, 244 
Atomic theory, 109 
Auro -chlorides, 302 

B 

Balloons, 138 
Balsam of sulphur, 318 
Balsam, 311 
Barilla, 295 
Barium, 213 
Barometer, 151 
Baryto calcite, 297 
Baryta, 214 
Barytes, 218 
Belf.metal, 257 
Bib9rateofscda,924 
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Bicarbonate of ammonia, 295 

potasBa, 295 

soda, 295 
Bicarburet of nitrogen, 176 
Bichromate of potassa, 293 
Bichloride of cyanogen, 178 

mercury, 291 

platinum. 268 

tin, 237 

titanium, 255 

tungsten, 249 
Bicyanuret of mercury, 262 
Bile, 332 
Biniodide of platinum, 268 

tin, 236 
Binoxide of barium, 215 

columbium, 250 

copper, 256 

ffold, 265 

hydrogen, 143 

mercury, 260 

molybdenum, 248 

nitrogen, 152 

platinum, 267 

tungsten, 249 

tin, 236 

vanadium, 247 
Bismuth, 253 
Bisulphuret of carbon, 187 

calcium, 218 

cobalt, 237 

cyanogen, 188 

iron, -231 

mercury, 000 

platinum, 268 

tin, 237 

selenium, 199 

titanium, 255 
Bisulphate of the per-ozide of mer- 
cury, 279 

potassa, 275 

soda, 275 
Bitter spar, 297 
Bitartrate of potassium, 308 
Bituminous coal, 162 
Black dj^es, 323, 

flux, 241 

lead, 232 

oxide of copper, 256 
" of iron, 230 
Bleaching, 127 

powder, 219 
Blue copper, 297 



Blue vitriol, 279 

Block tin, 236 

Blood, 230 

Bone phosphate (if lime, 390 

Bones, 334 

Boracite, 294 

Borates, 293 

Borax, 294 

Boron 195 

Brass, 257 

Bromine, 133 

Bromates, 287 

Bfomide of carbon, 170 

Bromide, bismuth, 253 

cyanuret, 178 

iodine, 135 

lead, 259 

magnesium, 220 

sodium, 212 

sulphur, 185 

phosphorus, 193 

potassium, 209 

selenium, 198 

silicon, 201 

C 

Cadmium, 234 
Calcium, 217 
Caloric, 17 

absorption of, 34 

conduction of, 18 

effects of, 24 

radiation of, 21 

reflection of, 23 

theories, 24 
Calomel, 266 
Camphor, 318 
Canton's phosphorus, 218 
Calorimotor, 74 
Caoutchouc, 31 9 
Carbon, 161 

five-fourths chloride, 170 
Carbonates, 194 

ammonia, 295 

baryta, 296 

lead, 297 

lime, 296 

magnesia, 296 

potassa, 295 

protoxide of iron, 296 

soda, 295 

strontia, 296 
Carbo-sulphftte of amrnenia, 299 
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Carbo-fulpbnrets, 300 

ammonia, 301 

barium, 301 

ealcium, 301 

sulphuret of lithium, 301 

magnesium, 301 

potassium, 301 

■odium, 301 
Carburet of manganese, 328 

iron, 232 
Carmine, 323 
Cast-iron, 232 

steel, 332 
Cassava^, 315 
Cementing, 345 
Cerin,320 
Cerite, 252 
Cerium, 252 
Charcoal, 162 
Chloral, 170i 
Chlorates, 285 

baryta, 286 

potassa, 285 
Chloride of barium^ 215 

bismuth, 253 

bromine, 135 

cadmium, 235 

calcivm, 218 

cobalt, 239 

copper, 257 

cyanogen, 176 

lead, &9 

lime, 219 

lithium, 213 

magnesium, 220 

nickel, 241 

potassium, 208 

selenium, 198 

silicon, 200 

silver, 264 

soda, 212 

sodium, 211 

strontium, 216 

tellurium, 255 

zinc, 234 
Chalybeate springs, 337 
Choak-damp, 168 
Chlorine, 123 
Chlorites, 287 
Chromates, 292 

lead, 293 

potassa, 293 

oxide of zinc, 293 



Chromium, 245 
Chyle, 232 
Cinchonia, 312 
Cinnabar, 252 

Classification of metals, 205 
Cleavage, 273 

faces of, 273 

direction of, 273 
Coal^, 175 
Cochmeal, 323 
Cocoanut oil, 317 
Cohesion, 99 
Coloring matters, 322 
Columbium, 249 
Combustion, 124 
Complex animal substances 
Composition of blood, 330 
Compound blow-pipe, 142 
Copal, 319 
Copperas, 278 
Copper, 257 
Copper-pyrites, 257 
Corrosive sublimate, 261 
Cream of tarter, 308 
Creosote, 320 
Croton oil, 317 
Crude tertar, 308 
Crystal, 270 
Crystellization, 267 
Crystellogenic attraction, 273 
Crystellography 270 
Cyanogen, 176 

compounds, 310 
Cyanuretoflead, 259 

manganese, 228 

nickel, 241 

silver, 264 

sodium, 212 

zinc, 234 
Cube, 270 
Cubic nitre, 282 
Cuticle, 334 



Daguerreotype, 61 
Decrepitation, 274 
Definite proportions, 106 
Deflagration, 281 
Deflagrator, 75 
Deliquesce, 274 
Dipyrophosphate'of soda, 290 

oxi. of silver,' 290 
Destructive distillation, 305 
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Diamond, 161 [297 

Bicarbonate prdtoiide of copper, 
Bichloride of copper, 256 
Bicarbonate of mercury, 297 
Bicarburet of hydrogen, 171 
Bigestor Marcet's, 48 
Biphosphate of potassa, 288 

ammonia, S^ 

lime, 290 

magnesia, 290 
Biphosphuret of iron, 231 
Binitrate of peroxide of lead, 283 

mercury, 283 
Bin iodide of copper, 257 
Bioxide of copper, 256 
Bisulphate of alumina, 277 
Bisulphate of protoxide of cop- 
per, 279 
Bisnlphuret of iron, 231 

nickel, 241 
Bodecabedron, 272 
Bolomite, 297 
Bonble bromides, 304 

carbonates, 297 

cyanurets, 304 

fluorides 304 

iodides, 303 
Brying oils 
Buctility,202 



Earthy sulphates, :)36 

Ebullition, 45 

Effloresce, 274 

Eggs, 334 

Eraidin,3]7 

Elasticity, 

Electricity, 65 

Electro-chemical decomposition, 
84 

Electrodes, 82 

Electrometer, gold leaf, 67 
balance, 70 

Electrical machine, 68 

Electro- magnetism, 85 
theory, 94 

Electro-magnetic multiplier, 87 

Emetia, 313 

Emulsion, 317 

Essences, 318 

Etching, 148 

Etherine, four-four cttrburet of hy- 
drogen, 173. 

80» 



Ethers, 321 
Ethiop's mineral, 262 
Eudiometer, 142 
Eudiometry, 152 
Eupione, 173 
Evaporation, 102 

F 

Febrifuge salt of Silvius, 208 
Feathers, 334 
Fermentation, 324 
Fibrin, 328 
Filtration, 344 
Fire damp, 1 75 
Fixed oils, 316 
Flowers of zinc, 233 
Fluoride of barium, 215 

calcium, 218 

lead, 259 

lithium, 213 

magnesium, 220 

potassium, 209 

sodium, 212 

strontium, 217 

zinc, 234 
Fluorine, 135 
Food of plants, 327 
Fowler's arsenical solution, 292 
Freezing mixtures, 43 
Fulminating gold, 266 

platinum, 268 

powder, 282 

silver, 263 
Fuming liquid of libavius, 237 
Fusion, 100 
Fusion watery, 273 
Fusibility, 202 



Galena, 257 
Galvanism, 72 

theories, 76 

effects of, 78 
Gasometers, 119 
Gas lights, 174 
Gastric juioe 332 
Gaseous mixtures, 336 

containing carbonic acid, 38& > 

hydrogen, 335 

nitrogen, 335 

oxygen, 335 
Gelatin, 328 
Germ, 326 
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Genninatioii, 325 
Glass, 200 

green bottle, 200 

crown^ 200 

Slate, 200 
int, 200 
Glaaberite, 280 
Glauber's salts, 275 
Glncina, 222 
Glucinium, 222 
Glue, 328 
Gluten, 315 
Gold, 264 

powder, 267 
Green vitriol 278 
Graphite, 232 
Gum, 315 

arabic, 315 

Senegal, 315 

tra^canth, 31& 

resins, 319 
Gypsum, 76 

fl 

Hair, 334 
Hartshorn, 159 
Hemetite, 229 

red, 229 

brown, 329 
Hexahedron, 270 
Homberg's pyrophorous, 2)80 
Hogs* lard, 329 
Honey, 314 
Hoofs, 334 
Honey stone, 309 
Horn, 334 
Hordein, 326 
Horn silver, 264 
Hydrates, 142 

Hydriodate of ammonia, 298 
Hydro-salts, 298 
Hydrochlorate of ammonia, 298 
Hydro-bromate of ammonia^ 298 
Hydrofluate of ammonia^ 298 
Hydrocyanate of ammonia^ 299 
Hydrogen, 136 
Hyduret of potasstum, 209 
Hydrometeis, 55 
Humors of the eye^^Sd 



Ignition, 63 
Induction, 69 



lnde£nite proportiodir, 106r 
Indellible ink, 284 
India rubber, 319 
Insolubility, 100 
lodates, 287 
lo'date of potasaa, ^7 
Iodide -of barium, 215 
Iodide of calcium, 21d 

cadmium, 235 
. lead, 259 

magnesium, 220 

silver, 264 

sodium, 212 

phosflhorus 193, 908 

sulphur, 185 

zinc, 234 
Iodine, 130 
Iron, 228 
Iron pyrites, 231. 
Irridium, 269 
Irrido-chiorides, 303 
Isomorphism, 273 
Ivory-black, 162 



Ealium, 205 
Kermes Mineral, 252 
Kelp, 295 



Lakes, 322 
Lamp-black, 162 
Lapis causticus, 208 
Latanium, 269 
Lead, 257 
Leyden jar, 70 
Light, 59 

reflection, 59 
. refractiom of, 59 

decomposition of, 60 

absorption, 60 
Light carbqretted bydrcige^, 171 
Liquefaction, 42 
Lignin, 316 
Lime, 217 
Lime-water, 217 
Liquorice, 314 
Litharge, 258 
Lithia, 213 
Lithium, 212 
Litmus, 323 
Laoifbrmatehes,286 
Lunar caustic, 263 
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M 

Madder, 323 
Magnesium, 219 
Magistery of bismuth, 253 
Magpesia, 220 
Magnetic-iron pyrites, 231 
Magic circle, 90 
Malleability, 202 
Magneto-electric induction, 93 
Magneto-electric machine, 93 
Manganese, 225 
Manna, 314 
Margarine, 317 
Massicot, 258 
Matches, 286 
Membranes, 334 
Metals, 201 

general properties of, 201 
Metallic lustre, 201 
Metaphosphates, 219 
Mercury, 259 
Milk, 332 

Microcosmic salt, 289 
Mineralized, 203, 
Mineral green, 297 
Molybdo-sulphurets, 301 
Molybdo-sulphuret of potassa, 301 
Molybdenum, 248 
Morphia, 31 1 
Mosaic gold, 237 
Mucus,333 
Muscle, 334 
Myricine, 320 

N 
Nails, 334 
Naptha, 173 
Napthaline, 173 
Natron, 211 

Natural substances, 304 
Narcotina, 311 
Neutral substances, 313 
Nickel, 240 
Nicotina, 113 
Nitre, 282 
Nitric oxide, 154 
Nitrous oxide, 152 
Nitrogen, 148 
Nituret of potasBiam, 209 
Nitrates, 281 
Nitrates of ammonia, 2S2 

baryta, 282 

lime, 283 



Nitrate of magnesia, 283 
potassa, sSl 
soda, 282 
strontia, 283 

{protoxide of copper, i283 
ead,283 
mercury, 283 
oxide silver, 283 
Nitrites, 285 
Nitrous ether, 321 
Notation, 

Nomenclature, 113 
Nux vomica, 312 



Oblique prisms, 271 

rhombic prisms, 271 

rectangular, ^1 

rhomboidal, ^1 
Octohedron, 271 

regular, ^72 

square, 272 

rectangular, 272 

rhombic, 272 
CEnanthic ether, 321 
Oils, 316 
Oily acids, 310 
Oil gas, 175 
Oleine, 317 
Olefiant gas, 172 
Orpiment, 245 
Osmium, 268 
Osmazome, 328 
Osmio chlorides, 303 
Oxalate of potassa, 306 
Oxalate of lime, 306 
Oxalic ether, 321 
Oxigenation, 122 
Oxidation, 122 
Oxychlorides, 303 

chromium, 246 
Oxygen, 118 
Oxysalls, 274 

Oxy-sulphuret of antimony, 251 
Oxide of cadmium, 235 

iodine, 165 

carbon, 165 

phosphorus,. 191 

titanium, 254 

silver, 263 

strontia, 270 

potassa and alumina, 283 

magnesia, 280 
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Palladinm, 268 
Palladio chlorides, 302 
Palm oil, 317 
Para-napthaline, 173 
Farraffine, 173 
Peat, 162 
Fearlash, 294 
Pearlspar, 297 

Percarburetted hydrogen, 172 
Percussion powder, 286 
Perchlorates, 286 
Perchloride of iron, 230 
manganese, 227 
phosphorus, 193 
uranium, 252 
Periodide of arsenic, 244 

iron, 230 
Perfluoride of iron, 230 

manganese, 227 , 
Perphosphuret of hydrogen, 194 
Peroxide of chlorine, 129 
strontium, 216 
calcium, 218 
manganese, 226 
iron, 229 
cobalt, 239 

four-three ox-cobalt 239 
titanium, 254 
tellurium, 255 
lead, 259 
Permuriate of tin, 237 
Persulphuret of arsenic, 245 

tellurium, 255 
Perphosphuret of iron, 231 
Pewter, 259 

Phosphuretted hydrogen, 299 
Phosphorus, 189 
Phosphorescence, 63 
Phosphates, 288 - 
Phosphate of potassa, 288 
soda and ammonia, 289 - 
ammonia, 289 
lime, 290 

magnesia and ammonia, 295 
Phosphuret of potassium, 210,21 
cadmium, 235 
manganese, 228 
hydrogen, 193 
barium, 216 
Pitch 319 
Pinchbeck, 258 
Photometers, 64 



Photographic drawing, 61 
Platinum, 267 

spongy, 267 
Platino-ch(onde«, 302 

biniodide of potassium, 903 
Plumbago, 162 
Pneumatic cistern, 119 
Pot-metal, 259 
Portable gas, 175 
Potassa, 207 

hydrate of, 207 
Potassa-fusa,208 
Potassium, 205 
Potash and pearlash, 294 
Primary forms, 270 
Printer's types, 252 
Proto-cyanuret of iron ,232 
chloride of iron, >^ 
carbon, 170 
manganese, 227 
Un,236 
arsenic, 244 
cerium, 253 
mercury, 261 
gold, 266 
platinum, 268 
uranium, 252 
Proto-bromide of iron, 230 
Protiodide of iron. 230 
cadmium, 237 
tin, 237 
platinum, 268 
Proto-hyduret of arsenic, 244 
Proto-sulphuret of arsenic, 245 
Proto-sulphuret platinum, 268 
mercury, 262 
cerium, 253 
chromium, 247 
cobalt, 239 
nickel, 241 
manganese, 228 
tin, 237 
iron, 231 
strontium, 217 
calcium, 218 
Proto-sulpho-cyanuret of iron 232 
Protoxide of chlorine, 129 
cerium, 253 ^ 
hydrogen, 140 
bismuth, 253 
nitrogen, 15^ 
potassium, 207 
gold, 266 
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Protoxide of sodium, 211 

copper, 256 

lithium, 213 

barium, 214 

lead, 258 

calcium, 217 

magnesium, 220 

mercury, 260 

thorium, 224 

manganese, 225 

iron, 229 

platinum, 267 

zinc, 233 

tin, 236 

cobalt, 23B 

nickel, 240 

vanadium, 247 

molybdenum, 248 

uranium, 252 
Proximate principles, 328, 305 
Prussian blue, 230 
Pus, 333 
Plumula, 326 

Putrefactive fermentation, 325 
Pyrometers, 29 

of Wedgwood. 39 

ofDaniell, 38F 

ofBrequet, 39 
Pyrotechny, 282 
Pyro-phosphates, 290 

of soda, 290 
Pyroxylic spirit, 322 



Quartation, 265 

Quinia, 312 

Quadro-cbloride of nitrogen, 158 

R 

Radicle, 326 

Realgar, 245 

Red dyes, 323 

Red oxide of manganese, 226 

lead, 259 
Red precipitate, 260 
Respiration, 169 
Resms, 318 

Respiration of plants, 326 
Revolving rectangle, 87 
Right prisms, 270 
Right square prisms, 271 

rectan^lar, 271 

rhombic, 271 



Right rbomboidal, 271 
Rhodium, 268 
Rhodio chlorides 303 
Rhombohedron, 271 
Rock candy, 313 
salt, 211 

S 
Saccharine fermentation, 321 
Safety lamp, 176 
Sa^o, 315 
Sal-ammoniac, 298 
Saliva, 332 
Salifiable base, 269 
Saline springs, 338 
Saltpetre, 282 

Salts or secondary compounds, 
299 

double, 274 

triple, 274 
Sandarac, 241 
Scheele's green, 292 
Sealing wax, 319 
Seleniuret of potassium, J 99 
Selenium, 197 

Sesqui-phosphuret of aluminium, 
222 

bromide of arsenic, 244 

carbonate of ammonia, 295 

soda, 

chloride of aluminium, 292 

antimony, 251 

arsenic^ 244 

cerium, 253 

chromium, 246 

potassium, 192 

uranium, 252 

fluoride, 246 

oxide of aluminum, 221 

antimony, 251 

bismuth,253 

cerium, 253 

chromium, 246 

manganese, 226 

nickel, 240 

platinum, 268 

sodium, 211 

tin, 236 

titanium, 254 

uranium, 252 

zirconium, 224 

sulphate of chromium, 247 

sulphuret of cobalt, 2'«^ 
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Salpharet of aluminiam, 222 

antimony, 251 

arsenic, 245 

iron, 231 

manganese, 226 

tin, 237 

salpho-cyanuret of iron,232 
Shells, 334 
Silver, 262 
Silver glance, 264 
Silex, 200 
Silicon, 199 
Silicium, 199 
Silica, 200 
Silk, 334 
Solution, 99 

Spiritooas and etherial substan- 
ces, 320 
Spirits of torpentine, 318 
Soaps, 329 
Sodium, 210 
Soda, 211 
Solder, 259 
Specific gravity. 111 

of essential and other oils, 347 
Spermaceti oil, 329 
Starch, 314 
Steam, 49 

artillery, 51 

engine, 50 

generator, 51 
Steel, 232 
Stream tin, 235 
Strontia, 216 
Strontium, 216 
Strontianite, 296 
Strychnia, 312 
Sugar, 313 

of grapas, 314 
Sub-phosphuret of cobalt, 239 

nickel, 240 
Sub-sulphate of protoxide of mer- 
cury, 279 
Sub-sesqui-phosphuiet of copper, 

257 
Sublimation, 179 
Suet, 329 
Sulphur, 179 

flowers of, 179 

rool brimstone 179 
Sulphates, 274 

of ammonia, 275 

alomiiiay 277 



Sulphate of baryU, 270 

lime, 276 

lithia, 275 

potassa, 275 

soda, 275 

strontia, 270 

potassa and alumina, 283 
'< magnesia, 280 
Sulphate of protoxide of copper, 

cobalt 278 [279 

iron, 277 

manganese, 279 

mere ur v , 279 [278 

Sulphate of protoxide of nickel, 

silver, 279 

line, 278 plO 

Sulpho-seleniuret of potassium, 
Sulphuretted'springs, 337 
Sulphurets, 235 
Sulphuret of barium, 215 

boron, 197 

bismuth, 244 

cadmium, 254 

copper, 257 

cyanogen, 188 

lead, 259 

potassium,*! 95 

silicon, 201 

sodium, 212 

silver, 264 

zinc, 234 

uranium, 252 
Sulphur salts, 299 
Sulphuric ether, 321 
Sweat, 333. 
Sympathetic ink, 239 



Tartar emetic, 308 

Tartrate of antimony, 308 

Tar, 319 

Tapioca^ 315 

Tannin, 308 

Table of discovery of metals, 204 

Tears, 333 

Teeth, 334 

Tendons, 334 

Tellurium, 255 

Terchloride of boron, 196 

gold, 266 

chromium, 246 
Terflaoride of chromium, 246 
Teroxide of potassium, 908 
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Terphosphuret of tin, 238 
Teriodide of nitrogen, 170 
Tersulphate of alumina, 277 

sesqui-oxide of chromium 278 
Tertra-sulpburet of iron, 231 
Teroxideof gold,265 ■ 
Thorina, 224 
Thorium, 223 
Thermometers, 35 

air, 35 

differential, 36 

mercurial, 37 

graduating of, 37 

register, sd 
Thermo-electricity, 96 
Tin, 235 
Tin foil, 235 
Tincal, 294 
Titanium, 254 
Torpedoes, 263 
Train oil, 329 
Trona, 295 

Trifluoborate of ammonia, 299 
Triphosphuret of copper, 257 
Triphosphate of potassa, 288 

soda, 288 

soda and basic water, 289 

acid triphosphate, 289 
Triphosphate of lime, 290 

magnesia, 290 

ox. silver, 290 
Turkey red, 323 
Turpeth mineral, 279 
Tungsto-sulphurets, 302 
Turpentine, 319 
Tungsten, 249 
Theory of animal heat, 331 

U 

Urine, 333 
Uranium, 252 
Ultimate analysis, 305 
Universal cement, 346 



Vanadium, 247 
Vaporization, 45 
Variegated copper pyrites, 231 
Varvicite, 226 
Vermillion, 262 
Vegetable acids, 306 

alkalies, 360 
Verdigris, 307 
Vinous fermentation, 324 
Volatility, 203 
Volatile, 203 

oils, 317 

liniment, 317 
Volta-electric induction, 91 
Voltaic electricity, 72 

circles, 73 

pile, 73 

W 
Water, 140 

of crystallization, 273, 142 

of nitre, 156 
V\^ater gilding, 267 
Woulfe s apparatus, 144 
V\^ax,320 
Witherite, 296 
W^ite oxide of arsenic, 242 
White vitriol, 278 
Wool, 334 

Wollaston's scale of chemical e- 
quivalents, 339 



fellow dyes, 322 
Yttria, 222 
Yttrium, 222 

Z 
Zaffre, 239 
Zinc, 232 
Zinc blende, 234 
Zinetum, 232 
Zirconium, ^4 
Zirconia, 224 
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Fig, 

1. Apparatus showinff the mode 
by which liquicb are heat- 
ed, 20 

2, 3. Apparatus for conduction of 
liquids, 21 

4. Apparatus for reflection of ca- 
loric, 23 

6. Concave mirrors, 23 

6. Pyrometers showing the ex- 
pansion of solids, 29 

7^ Apparatus for expansion of 
liquids, 30 [air, 31 

9. Apparatus for expansion of 

10. Air thermometer, 35 

11. Difierential thermometer, 36 

12. Common and laboratory ther- 

mometer, 38 

13. Register thermometer, 38 
14,15. fofluence of pressure on the 

boiling point, 46, 47 

16. Marcet's digester, 48 

17. Principles of the steam en 



gine illustrated, 51 [53 
10, ly. Distilling, cryophorus, &2, 
20. Apparatus for refraction of 



light, 59 

21. Prism, 60 

22. Gold-leaf electrometer, 67 

23. £lectrical m^ichine, 68 

24. Apparatus for induction, 69 

25. Balance electrometer, 71 
26 Simple voltaic circles, 73 

27. Calori motor, 74 

28. Voltaic pile, 74 

29. Deflagrator, 75 

30. Apparatus for decomposition 

of water, 80 

31. Apparatus for transfer of chem- 

ical substances, 81 

32. Apparatus for showing change 

of colors, 81 

33. Galvanometer, 87 

34. Revolving Rectangle, 88 

35. Helix and stand, 89 

36. Magnet with three poles, 89 



Fig. 

37. £lectro-Magnet, 90 

38. Magic circle, 90 

39. Vibrating magic circle, 91 
40,41. Apparatus for the analy- 
sis of shocks and sparks, 92 

42. Magneto-electric machine, 93 

43. Apparatus fbr theory electro- 

magnetism, 95 

44. Apparatus for showing change 

of form, 104 

45. Apparatus for specific grav- 

ity. Ill 

46. Areometer, 112 

47. Pneumatic cistern, 119 

48. 49, 50. Apparatus for oxy- 

gen, 122 

52. Apparatus for decomposition 

of water, 136 

53. Gas-bag and bubble-pipe, 138 

54. Method of filling gas-bags 138 

55. Balloon, 138 

56. Apparatus for musical sounds 

139 

57. Hydrogen-pistol, 139 

58. Eudiometer, 142 

59. Compound blow-pipe, 143 

60. Woulfe's apparatus, 144 

61. Apparatus for nitrogen, 149 

62. ** " distillation, 156 

63. " « nitric acid, 157 

64. Apparatus for collecting gases 

lighter than the air, lo9 

65. Apparatus for carbonic acid 

of liquors, 167 

66. Apparatus for illustrating safe- 

ty lamp, 176 

67. Safety lamp, 176 

68. Apparatus for the production 

of sulphur in volcanoes, 
187 

69. Apparatus for phosphuretted 

hydrogen, 194 
70—81. Apparatus far primary 

forms of crystals, 270, 2?!) 
83. Apparatus for filtration, 345 
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